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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 #88bis meeting, the following agreements were reached on the long duration PUCCH structure [1]:
Agreements:

· 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.

At the RAN1 #89 meeting, further agreements were reached on the long duration PUCCH structure [2]:
Agreements:
· 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.

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 as a starting point for the NR long duration PUCCH structure. This implies that the UCI payload will be encoded and rate matched according to the available REs based on both the time domain and frequency domain resources. Frequency diversity can be enabled by configuring a UE with a pre-defined frequency hopping pattern. 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. The LTE frequency hopping pattern can be a starting point for the NR design. The detailed RS and data design depends on the number of symbols occupied by long duration PUCCH format. 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 
[image: image1.wmf]ë

û

2

/

1

N

N

group

symbol

=

-

 and the number of symbols in group 2 is
[image: image2.wmf]ë

û

2

/

2

N

N

N

group

symbol

-

=

-

. Alternatively, the number of symbols in group 1 is 
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If inter-slot frequency hopping is supported, multiplexing of different UEs in the same resource should be carefully studied since different UEs may have different number of slots to transmit long duration PUCCH.
Two different methods were proposed at RAN1 #89 to generate the UCI and RS structure for different NR-PUCCH lengths, namely, an extension method and a truncation method. For the extension method, one or more basic units are defined as building blocks. Aggregations of these basic units are used to generate the long PUCCH structure for different durations with/without frequency hopping. In contrast, for the truncation method, a base format is defined for a slot with 7 symbols and 14 symbols. Thereafter, the long PUCCH structure for other durations with or without frequency hopping can be obtained by truncation. Regardless of which method is used between extension or truncation there should be a detailed description of the UCI and RS structure for all valid long PUCCH durations ranging from 4~14 symbols. We prefer to explicitly describe in the specification the UCI and RS structure for each long PUCCH structure as shown in Table1. 

In Table 1, several structures with different orders of UCI and RS can be considered for each length of long NR-PUCCH and further evaluation should be required to select one structure for each length. 

For length of 4~7 symbols, since there are different DMRS overhead for the case with and without frequency hopping for the same length, different UCI and RS structures should be defined for case with and without frequency hopping for the same length, so as to reduce the DMRS overhead when frequency hopping is not used. Frequency hopping can be configurable according to different performance requirements.

For length of 8~14 symbols, since one RS symbol may be not enough to give good channel estimation when frequency hopping is not used since the long distance between RS and UCI, the density of RS in time domain should be increased and at least two RS symbols are required which has the same RS requirement as the case with frequency hopping. Hence, the same UCI and RS structure can be used for the case with and without frequency hopping for a certain length. Since the same structure is used for long NR-PUCCH with and without frequency hopping for one length within 8~14 symbols, frequency hopping can be defaulted so as to get the frequency diversity gain.

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.
Table 1: UCI and RS structure for long NR-PUCCH with different lengths

	lengths
	Without FH
	With FH

	4
	URUU
	RU  RU

	5
	UURUU
	RU  URU 

URU  RU

UR  URU

	6
	UURUUU
	URU URU 

	7
	UUURUUU
	URU  URUU

URUU  URU

	8
	URUU  URUU
URUU  UURU

	9
	UURUU  URUU

URUU  UURUU

	10
	UURUU UURUU

	11
	UURUUU  UURUU

UURUU  UURUUU

	12
	UURUUU  UURUUU

UURUUU  UUURUU

	13
	UUURUUU  UURUUU

UURUUU  UUURUUU

	14
	UUURUUU  UUURUUU


3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: For UCI payload of more than 2 bits the long duration PUCCH format can reuse some design principles of LTE PUCCH formats 4 structure such as RS overhead, channel coding and rate matching according to the available resource.  
Proposal 2: UCI can RS structure for long NR-PUCCH format for more than 2 bits UCI can be pre-defined in specification for each length including at least the following aspects:

· UCI and RS position

· Frequency hopping point when frequency hopping is configured
Proposal 3: A unified UCI and RS structure should be used for the same length of NR-PUCCH with and without frequency hopping when the length is no less than 7 symbols.

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

Proposal 5: Frequency hopping can be mandatory for the length of 8~14 symbols NR-PUCCH.

Proposal 6: When unified UCI and RS structure is used for the same length of NR-PUCCH with and without frequency hopping, 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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 and the number of symbols in group 2 is
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Proposal 7: To support UCI multiplexing from multiple UEs on the same resource, frequency domain OCC can be considered for user separation.
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