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At the RAN1 #88bis and #89 Meeting, the following agreements have been made [1][2]:
· 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.

· 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
· [bookmark: OLE_LINK141]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.

· Study whether to support frequency re-tuning within a slot for PUSCH or for PUCCH in the Rel.15 NR.
· More specifically, investigate the impact of frequency-hopping for PUSCH or for PUCCH for a given slot, i.e., intra-slot hopping, within a certain bandwidth or across bandwidths
· The certain bandwidth is maximum UE transmission bandwidth capability.
In this contribution, our views on long-PUCCH structure for UCI of more than 2 bits are presented.
Discussion
PUCCH format for UCI of more than 2 bits
In the RAN1 # 89 meeting, it was agreed NR supports 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.
The main reason to introduce one PUCCH format for UCI with moderate payload is to achieve some multiplexing capacity by OCC in the time/frequency domain. In our view, FDM multiplexing of PUCCH from different UEs is sufficient for UCI of more than 2 bits. And there is no need to define a new format which would introduce additional specification efforts and system complexity. To simplify the design and maintain uniformity, we prefer PUCCH for medium payload UCI using PUCCH format for large payload UCI.
Proposal 1: One PUCCH format is defined for UCI of more than 2 bits with no multiplexing capacity.
PUCCH design 
For NR, the transmission of long-PUCCH over one or multiple slots is supported. Besides, various lengths of long-PUCCH from 4 symbols to up to 14 symbols are supported. However, it is not desirable to define multiple PUCCH format having different lengths. At present in the discussion of NR, there are two possible methods to obtain different lengths of long PUCCH:
· Method 1: Long PUCCH structure is based on the repetition of the base unit. 
· Method 2: Long PUCCH is given by puncturing part of the OFDM symbols in a duration of14 OFDM symbols, in which the DMRS position is preconfigured. .
Method 1
For the method1, long PUCCH is assembled by multiple basic units in the time domain, where each base unit can transmit same/different redundant versions of coded UCI bits and be decoded independently. The length of the long PUCCH can be flexibly controlled by the number of basic units. This is based on the same concept as for long the PUCCH for UCI of 1 ~ 2 bits [3]. However, in general, it will also have some of its own features due to more UCI bits. For example, a base unit will contain more symbols and lower RS overhead. Therefore, the base unit can be defined, e.g., as in Figure 1.
Four possible base unit structures are shown in Figure 1, where RS and UCI are time-division multiplexed in different symbols. The RS can be mapped at the beginning of the base unit. Similar to PUSCH or PDSCH, front-loaded RS can offer the possibility for a better processing timeline. If the base unit contains more symbols (e.g., 7 and above), the additional RS can be configured in the base unit's intermediate symbol.

Figure 1 - Examples for several possible base units for long-PUCCH.
The base unit can be the granularity of the resource allocation for the long PUCCH. By configuring the type and number of base units, the long PUCCHs of different lengths are constructed. Possibly, the long PUCCH can be constructed by one or more types of base units. In this way, the length of the long PUCCH is flexible.
Method 2
For the Method 2, a structure for slot of 14 symbols can be predefined, where DMRS and UCI symbols are TDMed and DMRS symbols are at some fixed locations in a slot. According to the discussion about the DMRS density for long PUCCH, several possible DMRS patterns are shown in Figure 2. The DMRS is distributed evenly and the density is 20%~30%. That is, there are three kinds of fixed DMRS location set,{3,7,11},{0,3,7,11} and {0,4,7,10}.

Figure 2 - Predefined DMRS structures of a slot of 14 symbols 
Based on Method 2, the start position and the length of long PUCCH should be signalled to the UE. If no restriction is imposed on the starting symbol/ the length of long PUCCH, the following drawbacks are envisioned. 
· The front loaded DMRS cannot be ensured. As an example shown in Figure 2(a), the DMRS is located at the end of long PUCCH #1. This would cause a larger processing latency. 
· The overhead of DMRS varies greatly and a large number of hopping patterns are expected. As shown in Figure 2(b), the total OFDM symbols and DMRS overhead are the same for long PUCCH #2 and long PUCCH #3, but the hopping patterns of these two PUCCHs are different. These redundant patterns would lead to a high decoding complexity. 
If some scheduling restrictions are expected for Method 2, then we do not see much differences between Method 1 and Method 2. Considering a repeating structure has already been adopted for UCI of up to 2 bits, we therefore propose that the repeating method based on basic units is also supported for UCI of more than 2 bits. 
Proposal: Consider to build a long PUCCH for more than 2 UCI bits by concatenating multiple basic units.
· The number of symbols contained in a base unit can be further discussed, e.g. the base unit contains 3, 4, 5, or 7 OFDM symbols.
· The RS was mapped at the beginning of the base unit.
· If the base unit contains more symbols (e.g., 7 and above), the additional RS can be configured in the base unit's intermediate symbol.
[bookmark: _GoBack]Conclusion
Based on the analysis given above, we have the following proposal:
Proposal: Consider to build a long PUCCH for more than 2 UCI bits by concatenating multiple basic units.
· The number of symbols contained in a base unit can be further discussed, e.g. the base unit contains 3, 4, 5, or 7 OFDM symbols.
· The RS was mapped at the beginning of the base unit.
· If the base unit contains more symbols (e.g., 7 and above), the additional RS can be configured in the base unit's intermediate symbol.
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