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1 Introduction

In 3GPP RAN1#88bis meeting and RAN1#89 meeting [1] [2], uplink control channel design was discussed and the followings were agreed:

RAN1#88b

· 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.

RAN1#89

· Long duration NR-PUCCH for up to 2 bits in a given slot is composed as the followings:

· HARQ ACK by BPSK or QPSK modulation is repeated in time domain and multiplied with sequence(s)

· FFS: pi/2 BPSK usage

· Two states SR is based on on-off-keying

· Time domain OCC can be applied over multiple UCI/DMRS symbols per frequency hop

· NR supports following long-PUCCH:

· One PUCCH format for UCI with up to 2 bits with high multiplexing capacity

· One PUCCH format for UCI with large payload with no multiplexing capacity

· FFS: One PUCCH format for UCI with moderate payload with some multiplexing capacity

· Note: this could be a variation of one of the former PUCCH formats.

· Email discussion for collecting companies views on the following until the next meeting:

· Detailed long-PUCCH structure(s) for a given slot taking into account various number (4 – 14) of OFDM symbols and multiple PUCCH formats, and various number of UCI bits, especially regarding to:

· DMRS location(s)

· Frequency-hopping boundary(ies) in time-domain

Based on the previous agreements and common designs of NR long PUCCH proposed in [3], structures for long PUCCH with up to 2 bits have been proposed in this contribution. Further, some simulations have been implemented to evaluate the performance of proposed structures.
2 Discussion
In [3], two common designs have been proposed, which are shown as following,
· DMRS locations: For the DMRS locations, they should locate at the fixed locations in the 7-symbol slot and 14-symbol slot. 
· Frequency hopping boundary: To maximize the frequency diversity gain, the frequency hopping boundary should locate at the middle of long PUCCH. 
In addition, considering long PUCCH needs to support variable number of symbols (4-14 symbols), [3] also gives out the preferred locations of long PUCCH in a slot, which is shown in Figure 1.
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Figure 1. Locations of long PUCCH in 7-symbol slot and 14-symbol slot
Based on the common designs and location of long PUCCH, structures for long PUCCH with up to 2 bits are proposed in the following section.
2.1 Structures of long PUCCH with up to 2 bits
To achieve the same/similar UE multiplexing capacity of LTE PUCCH 1 in one RB, both cyclic shift in frequency domain and OCC in time domain must be supported, and number of DMRS symbols should be approximately same to number of UCI symbols. 
For the 4-length to 7-length long PUCCH, frequency hopping can be set to a configurable function in 7-symbol slot to enhance multiplexing capability. gNB can enable frequency hopping or time domain spread according to the actual requirement. If time domain spread is disabled, each frequency hopping part will include one DMRS symbol. Otherwise, two DMRS symbols on each part are needed and 2-length time domain OCC can be applied.
For the 8-length to 14-length long PUCCH, the structure of long PUCCH can be classified into two sets. From 8-length to 11-length, each frequency hopping part will include two DMRS symbols, which can support up to two-time spread in time domain. From 12-length to 14-length, each frequency hopping part will include three DMRS symbols, which can support up to three-time spread in time domain.
Based on the common design principles and the location of NR long PUCCH, An example of long PUCCH with up to 2 bits is shown in Figure 2 & Figure 3.
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       (a) With frequency hopping                          (b) Without frequency hopping
Figure 2. Long PUCCH with up to 2 bits for 4-7 symbols
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       (a) 2 DMRSs on each hopping part                          (b) 3 DMRSs on each hopping part
Figure 3. Long PUCCH with up to 2 bits for 8-14 symbols

Proposal 1: For long PUCCH with up to 2 bits, different number of DMRS symbols and time domain OCC can be applied for different cases:

· For 4-7 symbols, 2 DMRS symbols are inserted, while no time domain spreading and 2-length OCC are applied for w/ frequency hopping case and wo/ frequency hopping case respectively;
· For 8-11 symbols, 4 DMRS symbols are inserted, and 2-length OCC are applied;
· For 12-14 symbols, 6 DMRS symbols are inserted, and 3-length OCC are applied;
2.2 Performance Evaluation
Based on the givens structures of long PUCCH with up to 2 bits, this section will evaluate the impact on different DMRS locations and frequency hopping boundary.
· 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 [3], 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 location vs performance of non-fixed DMRS location (uniform distributed DMRS). In this part, we evaluated performance of these two DMRS pattern. In the simulation, 12-symbol long PUCCH are evaluated.
The detailed structures are shown in Figure 4, and the simulation results can be found in Figure 5.
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Figure 4. Structures for DMRS position evaluation
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(a) 3km/h









(b) 30km/h

Figure 5. 12-symbol, fixed DMRS location vs non-fixed DMRS location

Observation 1: For 14-length PUCCH with 3km/h & 30 km/h speed, there is almost no performance difference between UCI with fixed DMRS location and UCI with non-fixed DMRS location.
· Frequency hopping
In [3] and [4], two frequency hopping boundaries are proposed, which are

· Frequency hopping boundary locates at middle of long PUCCH;

· Frequency hopping boundary locates at a fixed location of the whole slot;

In this part, we evaluated performance of these two frequency hopping boundaries. In the simulation, 10-symbol & 11-symbol long PUCCH are evaluated. The detailed structures are shown in Figure 6, and the simulation results can be found in Figure 7 & Figure 8.
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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, (4+6) symbols vs (5+5) symbols
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(a) 300ns delay spread






(b) 1000ns delay spread
Figure 8. 11-symbol, (4+7) symbols vs (5+6) symbols

Based on the simulation results, we have the following observation:
Observation 2: For long PUCCH with up to 2bits with 1000ns delay spread, the performance is better in case of hopping point in the middle of PUCCH; there is no performance difference when delay spread is 300ns.
3 Conclusion
In this contribution, structures of long PUCCH with up to 2 bits are given. Based on above discussions, following proposal and observations are given. 
Proposal 1: For long PUCCH with up to 2 bits, different number of DMRS symbols and time domain OCC can be applied for different cases:

· For 4-7 symbols, 2 DMRS symbols are inserted, while no time domain spreading and 2-length OCC are applied for w/ frequency hopping case and wo/ frequency hopping case respectively;

· For 8-11 symbols, 4 DMRS symbols are inserted, and 2-length OCC are applied;
· For 12-14 symbols, 6 DMRS symbols are inserted, and 3-length OCC are applied;
Observation 1: For 14-length PUCCH with 3km/h & 30 km/h speed, there is almost no performance difference between UCI with fixed DMRS location and UCI with non-fixed DMRS location.
Observation 2: For long PUCCH with up to 2bits with 1000ns delay spread, the performance is better in case of hopping point in the middle of PUCCH; there is no performance difference when delay spread is 300ns.
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Appendix

Table 1．Simulation Parameters
	Parameter
	Value

	Carrier Frequency
	3.5 GHz

	System Bandwidth
	20MHz

	Subcarrier spacing
	15kHz

	FFT size
	2048

	Number of subcarriers per PRB
	12

	BS antenna configuration
	2 Rx

	UE antenna configuration
	1 Tx

	Channel model
	TDL_C (300ns & 1000ns)

	Channel estimation
	ML

	Channel coding
	none

	UE velocity
	3 km/h & 30km/h

	Modulation
	QPSK

	TTI
	50000


