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1. Introduction
At the previous RAN1 meeting, following agreements were made [1]:
	Agreements of RAN1#88bis:
· For 2-symbol NR-PUCCH, following options are considered (including possible down-selection)
· Option 1: 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI.
· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.
· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.
· Option 2: 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs.
· E.g., time-sensitive UCI (e.g., HARQ-ACK) is in the second symbol.
Agreements of RAN1#89:
· For 2-symbol NR-PUCCH
· option 1-1 is supported for sending UCI with up to 2 bits.
· Note that sequence hopping is not precluded for option 1-1
· FFS method for sending UCI with more than 2 bits
· option 2 is not supported.
· Note: The functionality of option 2 can be achieved by two 1-symbol short PUCCHs transmitted on one slot in TDM manner (as already agreed in RAN1 #88bis meeting) and therefore it is considered as not necessary to introduce option 2.
Agreements of RAN1#89:
· For 2-symbol NR-PUCCH, frequency hopping is supported at least for localized (contiguous) PRB allocation in each symbol
· FFS for distributed (non-contiguous) PRB allocation
Agreements of RAN1#90:
· For 2-symbol short-PUCCH for UCI of more than 2 bits, encoded UCI bits are mapped across two symbols.
· FFS: 1 symbol short-PUCCH for UCI of more than 2 bits are repeated across 2 symbols with or without freq. hopping
Agreements of RAN1 NR#3:
· For 2-symbol PUCCH with more than 2 bits, option 1-1 is not supported in Rel-15
· Note: Option 1-1 (UCI is repeated between two symbols) 
Agreements of RAN1 NR#3:
· For 2-symbol PUCCH with more than 2 UCI bits, the DM-RS density and pattern (i.e., the DM-RS locations) of 1-symbol PUCCH with UCI more than two bits are used for each symbol of the 2-symbol PUCCH
Agreements of RAN1 NR#3:
· For two-symbol short-PUCCH with up to 2 UCI bits, sequence hopping between the two symbols is supported.
· FFS: The details of sequence hopping. 
· For one or two symbol(s) short-PUCCH for UCI of more than 2 bits, the encoded bits are scrambled.
· FFS on the scrambling initialization for the encoded bits


In this contribution, we discuss support of short-PUCCH over 2 OFDM symbols. The details about resource allocation for PUCCH are discussed in our companion contribution [2].
2. Frequency-hopping bandwidth for PUCCH format 0 / 2
At the RAN1 #89, it was agreed that frequency-hopping is supported at least for contiguous PRB allocation. For LTE, PUCCH frequency-hopping is symmetric for the center of the carrier, and PUCCH frequency-hops are at the edges of the system bandwidth. However, for NR, UEs may have different bandwidths of the active UL BWP for PUCCH transmission. If the frequency-hopping is for the edges of the UL BWP, spectrum fragmentation or inefficient resource usage is caused (see Fig. 1 (a)). In order to resolve this and to multiplex PUCCHs on different UL BWPs efficiently, it is desirable to make the PUCCH frequency-hopping bandwidth configurable by the NW in an independent manner from the bandwidth of the UL BWP (see Fig. 1 (b)).

Proposal 1:
· Frequency-hopping bandwidth is configurable and is not derived from the UL BWP bandwidth.
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(a) Frequency-hopping b/w edges of the access BW.
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(b) Frequency-hopping b/w configured parts.
Fig. 1.	Frequency-hopping for PUCCH format 0 / 2 over 2 symbols.

3. Definitions of PUCCH resource for PUCCH format 0 / 2
In order to make frequency-hopping bandwidth configurable, a PUCCH resource of PUCCH format 0 / 2 should be defined on each 1-symbol. In case that PUCCH format 0 / 2 spans over 2-symbol, two PUCCH resources of PUCCH format 0 / 2 are configured to a UE. If the configured two PUCCH resources are the same PRB index, non-frequency-hopping is adopted; meanwhile if the configured two PUCCH resources are different PRB indexes, frequency-hopping is adopted. The definitions of PUCCH resource for PUCCH format 0 / 2 are listed as following. The details about resource allocation for PUCCH are discussed in our companion contribution [2]. 

3.1. For PUCCH format 0
· For HARQ-ACK
PUCCH format 0 is short-PUCCH for UCI of up to 2 bits (also called sequence-based short-PUCCH) and it conveys UCI of up to 2 bits on 1 or 2 symbol(s). For the case of m-bit HARQ-ACK transmission, a set of 2m cyclic shifts (CSs) are allocated to a UE and UE selects one of the CS corresponding to the HARQ-ACK information. Therefore, a set of 2m CSs should be configured to a UE for the case of m-bit HARQ-ACK transmission. Our definition of PUCCH resource of PUCCH format 0 for m-bit HARQ-ACK is as following:
· One PUCCH resource for m-bit HARQ-ACK is given by
· PRB index of the given UL BWP (if a sequence spanning more than one PRB is supported, then it is starting PRB index)
· The number of PRBs (if only 1 PRB is supported, this value is deleted)
· Symbol index within a slot 
· Sequence index (#0~#29)
· Set of CS indexes (the number of CSs is 2m)

· For SR-only
For a SR-only transmission, one CS is allocated to a UE. For the case of positive SR, the UE transmits PUCCH format 0 on the given CS for SR-only; meanwhile for the case of negative SR, the UE does not transmit PUCCH format 0. Our definition of PUCCH resource of PUCCH format 0 for SR-only is as following:
· One PUCCH resource for SR-only is given by
· PRB index of the given UL BWP (if a sequence spanning more than one PRB is supported, then it is starting PRB index)
· The number of PRBs (if only 1 PRB is supported, this value is deleted)
· Symbol index within a slot 
· Sequence index (#0~#29)
· CS index (the number of CSs is one)

· For HARQ-ACK + SR
For m-bit HARQ-ACK + SR transmission, two PUCCH resources of PUCCH format 0 for m-bit HARQ-ACK are configured for m-bit HARQ-ACK + positive SR and m-bit HARQ-ACK + negative SR, respectively. 

3.2. For PUCCH format 2
PUCCH format 2 is short-PUCCH for UCI of more than 2 bits and it conveys UCI of more than 2 bits on 1 or 2 symbol(s). For PUCCH format 2, multiple contiguous or non-contiguous PRBs, and 1 or 2 symbol(s) can be allocated to a UE. Therefore, we consider that PUCCH resource is defined by a combination of one PRB on one symbol. Then, gNB can configure one or multiple PUCCH resource(s) to a UE. If the configured multiple PUCCH resources are contiguous PRB indexes of the same symbol, contiguous PRB mapping is adopted; meanwhile if they are non-contiguous PRB indexes of the same symbol, non-contiguous PRB mapping is adopted. Similarly if the configured PUCCH resources are the same PRB index of different symbols, non-frequency-hopping is adopted; meanwhile if they are different PRB indexes of different symbols, frequency-hopping is adopted.
· One PUCCH resource is given by
· PRB index of the given UL BWP
· Symbol index within a slot

Proposal 2:
· PUCCH resources of PUCCH format 0 / 2 are defined on each 1-symbol, so that frequency-hopping bandwidth is configurable.
Table 1.	Definitions of one PUCCH resource for PUCCH format 0 / 2
	PUCCH format 0
	For m-bit
 HARQ-
ACK
	· PRB index of the given UL BWP (if a sequence spanning more than one PRB is supported, then it is starting PRB index)

	
	
	· The number of PRBs (if only 1 PRB is supported, this value is deleted)

	
	
	· Symbol index within a slot

	
	
	· Sequence index (#0~#29)

	
	
	· Set of CS indexes (the number of CSs is 2m)

	
	For SR
-only
	· PRB index of the given UL BWP (if a sequence spanning more than one PRB is supported, then it is starting PRB index)

	
	
	· The number of PRBs (if only 1 PRB is supported, this value is deleted)

	
	
	· Symbol index within a slot

	
	
	· Sequence index (#0~#29)

	
	
	· CS index (the number of CSs is one)

	
	For m-bit HARQ-ACK + SR
	· Note: two PUCCH resources for m-bit HARQ-ACK are configured for m-bit HARQ-ACK + positive SR and m-bit HARQ-ACK + negative SR

	PUCCH 
format 2
	· PRB index of the given UL BWP

	
	· Symbol index within a slot



4. Conclusion
[bookmark: _GoBack]In this contribution, we discussed support of short-PUCCH over 2 OFDM symbols, and proposed the following:
Proposal 1:
· Frequency-hopping bandwidth is configurable and is not derived from the UL BWP bandwidth.
Proposal 2:
· PUCCH resources of PUCCH format 0 / 2 are defined on each 1-symbol, so that frequency-hopping bandwidth is configurable.
Table 1.	Definitions of one PUCCH resource for PUCCH format 0 / 2
	PUCCH format 0
	For m-bit
 HARQ-
ACK
	· PRB index of the given UL BWP (if a sequence spanning more than one PRB is supported, then it is starting PRB index)

	
	
	· The number of PRBs (if only 1 PRB is supported, this value is deleted)

	
	
	· Symbol index within a slot

	
	
	· Sequence index (#0~#29)

	
	
	· Set of CS indexes (the number of CSs is 2m)

	
	For SR
-only
	· PRB index of the given UL BWP (if a sequence spanning more than one PRB is supported, then it is starting PRB index)

	
	
	· The number of PRBs (if only 1 PRB is supported, this value is deleted)

	
	
	· Symbol index within a slot

	
	
	· Sequence index (#0~#29)

	
	
	· CS index (the number of CSs is one)

	
	For m-bit HARQ-ACK + SR
	· Note: two PUCCH resources for m-bit HARQ-ACK are configured for m-bit HARQ-ACK + positive SR and m-bit HARQ-ACK + negative SR

	PUCCH 
format 2
	· PRB index of the given UL BWP

	
	· Symbol index within a slot
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