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Introduction
The following agreements were made as 2-symbols PUCCH [1][2][3]:
Agreements:
· 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:
· 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:
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· The number of PRBs that can be used for a PUCCH is configurable.
· Support contiguous and non-contiguous PRB allocation.
· If prioritization is necessary, contiguous PRB allocation is prioritized.
· The number of DM-RS REs per PRB is 4.
· DM-RS REs are at the fixed positions within a PRB.
· The sequences used for DM-RS are one of the following:
· Option 1: PN sequences as for PUSCH
· Option 2: LTE computer-generated/ZC sequence

Working assumptions:
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· DMRS REs are evenly distributed within a PRB
· FFS: Shifted mapping
Agreements:
· 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:
· 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:
· 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:
· 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, the open issues for 2-symbols PUCCH transmission.
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PRB allocation:
For transmission of up to 2 bits UCI using 2-symbols PUCCH, in our view only localized PRBs should be supported [4]. For transmission of more than 2 bits UCI using 2-symbols PUCCH, contiguous PRB allocation in each symbol can provide good performance since the diversity gain can be achieved by frequency hopping.
Proposal 1:
· For 2-symbol PUCCH, contiguous PRB allocation per symbol is supported.

PN sequence generation:
For UCI more than 2 bits, we propose in our companion contribution [5] to reuse LTE PN sequence generator to scramble the encoded UCI bits and also to generate PN sequences for the DMRS REs. Since 2-symbol PUCCH is the repetition of 1-symbol PUCCH, it is needless to say that the LTE PN sequence generator can be used for 2-symbol PUCCH when needed. Moreover, the same initialization as the one for 1-symbol PUCCH can be used for scrambling or DMRS generation.
Proposal 2:
· For 2-symbols PUCCH with more than 2 bits, the PN sequence generator for scrambling of the encoded UCI bits and generating the DMRS sequence in each symbol is the one used for the 1-symbol PUCCH with more than 2 bits with similar initialization.

 Sequence hopping:
For UCI up to 2 bits, it was agreed to support sequence hopping between two symbols. From our point of view, it is beneficial to provide a hopping pattern that can also be applicable for long PUCCH for up to 2 UCI bits. This implies that the symbol index in a PUCCH burst within the slot should contribute in determining the corresponding hopping pattern. Moreover, to randomize the inter-cell interference the hopping pattern for the cyclic shift can depend on an RRC parameter such as the virtual cell ID or PUCCH ID. Finally, the LTE PN sequence generator can be re-used for generation of the hopping pattern of the cyclic shifts.
Therefore, based on the above discussion we propose the following:
Proposal 3:
· For a 2-symbol PUCCH with up to 2 bits, 
· [bookmark: _GoBack]The sequence hopping between two symbols is obtained from the LTE PN sequence generator initialized by an RRC parameter and the index of the PUCCH symbol within the slot.

PUCCH resource configuration:
It is important to note that since 2-sybmol PUCCH is an extension of the 1-symbol PUCCH, the same resource configuration of 1-symbol PUCCH should be applied for 2-symbol PUCCH. As we discussed in our companion contributions [4][5], this implies that the resource assignment of 1-symbol PUCCH should be such that it can be scalable to 2 symbols. That can be achieved by introducing the PRB allocation parameter for both 1st and 2nd symbol where in case of 1-symbol, that second parameter would be not applicable.
 Proposal 4:
· The resource configuration for 1-symbol and 2-symbol PUCCH should be the same.
· The resource configuration should have a parameter that can be considered “not applicable” for 2-symbol PUCCH when it is intended for 1-symbol PUCCH.
· Use the starting PRB index in the first and second symbol as the parameter to distinguish resource allocation for 1-symbol or 2-symbol PUCCH as the following:
· The starting PRB index for the first PUCCH symbol within the slot
· The starting PRB index for the second PUCCH symbol within the slot
· Note: This field is only applicable for 2-symbols short PUCCH
Conclusion
In this contribution, we discussed our view on the remaining issues on the 2-symbosl PUCCH structure for transmission of more than 2 UCI bits and proposed the following:
Proposal 1:
· For 2-symbol PUCCH , contiguous PRB allocation per symbol is supported.

Proposal 2:
· For 2-symbols PUCCH with more than 2 bits, the PN sequence generator for scrambling of the encoded UCI bits and generating the DMRS sequence in each symbol is the one used for the 1-symbol PUCCH with more than 2 bits with similar initialization.
Proposal 3:
· For a 2-symbol PUCCH with up to 2 bits, 
· The sequence hopping between two symbols is obtained from the LTE PN sequence generator initialized by an RRC parameter and the index of the PUCCH symbol within the slot.
Proposal 4:
· The resource configuration for 1-symbol and 2-symbol PUCCH should be the same.
· The resource configuration should have a parameter that can be considered “not applicable” for 2-symbol PUCCH when it is intended for 1-symbol PUCCH.
· Use the starting PRB index in the first and second symbol as the parameter to distinguish resource allocation for 1-symbol or 2-symbol PUCCH as the following:
· The starting PRB index for the first PUCCH symbol within the slot
· The starting PRB index for the second PUCCH symbol within the slot
· Note: This field is only applicable for 2-symbols short PUCCH
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