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1 Introduction
For NR, uplink control information may be transmitted in both long and short duration PUCCH formats depending on the frame structure and/or slot format. 
At the RAN1 NR Ad-Hoc#2 meeting, the following agreements were reached on the long duration PUCCH structure [1]:
Agreements:
· For a long PUCCH in a slot,
· At most one hop for the long PUCCH is supported.
· FFS: details
Agreements:
· For a PUCCH format for UCI with large payload with no multiplexing capacity within a slot:
· The DMRS and UCI are mapped to different symbols.
· For intra-slot frequency-hopping, one or two DMRS symbol(s) is/are mapped on each frequency-hop of the long-PUCCH.

· Opt.1: one DMRS per frequency-hop

· The location is around the middle of the frequency-hop 

· Opt.2: one or two DMRS per frequency-hop

· FFS: the location of the DMRS symbol(s)

· The DMRS symbol(s) are formed as follows:
· DMRS for a PUCCH is a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain.
· Working assumption:
· The symbols carrying UCI are formed as follows:
· The UCI bits are encoded and scrambled, QPSK modulated and DFT pre-coded and mapped to the REs for the symbols carrying UCI of the long PUCCH
In this contribution, we elaborate on our views regarding the design of the NR long duration PUCCH format for moderate and large UCI payloads.
2 Discussion
To support a large range of UCI payload sizes greater than 2 bits, LTE PUCCH format 4 design can be used for the NR long duration PUCCH structure by encoding the UCI bits according to the available REs based on both the time domain and frequency domain resources. To support a large range of UCI bits, the working assumption should be confirmed.

Proposal 1: Confirm the working assumption for UCI transmission method based on LTE PUCCH format 4.

For low speed case, when no frequency hopping is used, one RS symbol for length within 7 symbols and two RS symbols for length of 8~14 symbols may be enough. However, to support frequency hopping, there should be at least one RS symbol in each frequency region to support channel estimation. For high speed case, one RS in each hop may be not enough to keep good channel estimation performance due to the large Doppler. 
Since for CA case or TDD with multiple PDSCH which required ACK/NACK feedback in the same time instance, there will be more than 2 bits ACK/NACK transmission in high speed case even assuming that one TB for one PDSCH. For CSI feedback Type1, at least 7 bits (for 2 port CSI-RS with wideband feedback, RI-1bit, PMI-2bit, CQI-4bit) should be fed back in one time instance in high speed case. Hence, long PUCCH for more than 2 bits UCI can be used in high speed case. The RU pattern including both the RS overhead and RS position for long PUCCH with more than 2 bits UCI should consider the channel estimation performance for different UE speeds, frequency hopping requirement, and also low RS overhead to achieve high coding gain.

Simulation results for different lengths of long PUCCH with different RS overheads and also different RS positions are given in Figures 1 and 2 with simulation assumptions in Table 1 in the appendix. It can be seen from the results:
· For low speed (3km/h), there are gains from pattern with 1 RS than pattern with 2 RS due the channel coding gain.
· For high speed (500km/h), there is error floor for pattern with 1 RS, and the pattern with 2 RS corresponding to the magenta curves has the best performance.
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Figure 1：Simulation results for 3km/h for different lengths and patterns
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Figure 2：Simulation results for 500km/h for different lengths and patterns
From the simulation results, at least two RS symbols should be supported for high speed case. If we consider reducing the RS overhead for the case of low speed and/or without frequency hopping, separate patterns with different RS overhead can be defined for each length of long PUCCH, as shown in Table 2. RRC signaling can indicate one of the patterns to UE according to the frequency hopping and UE speed requirements. Alternatively, a unified pattern can be defined for each length of long PUCCH with the RS overhead toward for high speed, as shown in Table 3. 
Proposal 2: Either a unified pattern or separate patterns can be defined for each length of long PUCCH with more than 2 bits.

Table 2: Separate patterns for long NR-PUCCH
	lengths
	Pattern 1 for without FH and low speed
	Pattern 2 for with FH and low speed

or for without FH and high speed

	4
	URUU
	UR|UR or RU|RU

	5
	UURUU
	URU|RU or UR|URU or RU|URU

	6
	UURUUU
	URU|URU

	7
	UUURUUU
	URU|UURU

	8
	URUU|UURU
URUU|URUU
	URUR|URUR

	9
	URUU|UURUU
	URUR|URURU

	10
	UURUU|UURUU
	URURU|URURU

	11
	UURUU|UURUUU
	URURU|URUURU

	12
	UURUUU|UURUUU or

UURUUU|UUURUU
	URUURU|URUURU

	13
	UURUUU|UUURUUU
	URUURU|URUUURU

	14
	UUURUUU|UUURUUU
	URUUURU|URUUURU


Table 3: Unified patterns for long NR-PUCCH

	lengths
	Pattern

	4
	UR|UR or RU|RU

	5
	URU|RU or UR|URU or RU|URU

	6
	URU|URU

	7
	URU|UURU

	8
	URUR|URUR

	9
	URUR|URURU

	10
	URURU|URURU

	11
	URURU|URUURU

	12
	URUURU|URUURU

	13
	URUURU|URUUURU

	14
	URUUURU|URUUURU


At least for length of 4~7 symbols, if separate patterns for one length of long PUCCH are used, since there are different DMRS overhead for different patterns, frequency hopping can be configurable according to different performance requirements. If unified pattern for one length of long PUCCH is used, frequency hopping cannot be used in high speed case so as to make sure there are more than two RS that can be used for channel estimation together. Hence, frequency hopping should be configurable at least for length of 4~7 symbols.
When frequency hopping is enabled, the following principle can be considered to determine the frequency hopping point. 
· Given N (N>=4) symbols for PUCCH, all symbols are partitioned into two group as equally as possible. For example, the number of symbols in group 1 is 
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. Alternatively, the number of symbols in group 1 is 
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Proposal 3: Frequency hopping should be configurable at least for the length of 4~7 symbols NR-PUCCH.

Proposal 5: Frequency hopping point can be decided by partitioning the total length N into two groups as the following method:

· the number of symbols in group 1 is 
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· or, the number of symbols in group 1 is 
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[image: image16.wmf]é

ù

2

/

2

N

N

N

group

symbol

-

=

-


To support multiplexing of multiple UEs in one RB, frequency domain OCC can be considered for user separation similarly to LTE PUCCH format 5. By using a length of 2 OCC in frequency domain in each UCI symbol, the UCI payload capacity of long NR-PUCCH will be reduce to half while two UEs can be multiplexed in the same resource. Whether frequency domain OCC is used or not can be configurable according to the PUCCH overhead requirements and also the range of UCI payload size. In order to further increase the multiplexing capacity, longer OCC can be used.
Proposal 5: To support UCI multiplexing from multiple UEs on the same resource, frequency domain OCC can be configured for user separation.
3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: Confirm the working assumption for UCI transmission method based on LTE PUCCH format 4.

Proposal 2: Either a unified pattern or separate patterns can be defined for each length of long PUCCH with more than 2 bits.

Proposal 3: Frequency hopping should be configurable at least for the length of 4~7 symbols NR-PUCCH.

Proposal 4: Frequency hopping point can be decided by partitioning the total length N into two groups as the following method:

· the number of symbols in group 1 is 
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· or, the number of symbols in group 1 is 
[image: image19.wmf]é

ù

2

/

1

N

N

group

symbol

=

-

 and the number of symbols in group 2 is
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Proposal 5: To support UCI multiplexing from multiple UEs on the same resource, frequency domain OCC can be configured for user separation.
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5 Appendix
Table 1: Simulation assumptions

	Parameter
	Value

	Carrier frequency
	4 GHz

	System bandwidth
	10MHz

	Channel model
	TDL-C with 1000ns

	Subcarrier spacing
	15 kHz

	BS/UE  antenna configuration
	2 Rx,1Tx

	UCI payload size
	10 bits UCI

	PUCCH symbols
	4/5/6/7symbols

	RU pattern
	For 4-os：URUU\URUR\RUUR
For 5-os：UURUU\URURU\RUUUR
For 6-os：UURUUU\URUURU\RUUUUR
For 7-os：UUURUUU\URUUURU\RUUUUUR

	Used PRB
	1RB

	Coding
	RM coding

	Frequency hopping 
	Disable

	Channel estimation
	MMSE

	Output
	BLER

	UE speed
	3km/h，500km/h
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