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[bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
At the RAN1 #88 and #89 Meeting, the agreements below have been made [1]. In this contribution, our view on long-PUCCH structure for UCI of more than 2 bits is presented.
	Agreements:
· For PUCCH in long-duration, it may have variable number of symbols with a minimum of 4 symbols in a given slot
· FFS the set of supported values
Agreements:
· For PUCCH in long duration, 
· At least for 1 or 2 UCI bits, the UCI can be repeated within N slots (N>1)
· The N slots may or may not be adjacent in slots where PUCCH in long duration is allowed
· Details are FFS, including repetition scheme including same or different formats, the possible value(s) N, the mechanism to determine the value of N, etc.
· FFS for >2 UCI bits
· FFS the case of within a slot
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.


Discussion
PUCCH format for UCI of more than 2 bits
For NR long PUCCH with more than 2 UCI bits, it has not been concluded whether one unified design for all payloads will be developed or if two different formats, one for 3-X bits and one for more than X bits shall be used.
If only one PUCCH format is used, for example similar to LTE PUCCH format 4, it would be difficult to achieve UE multiplexing due to the different length of the long PUCCH. However, some methods can be considered, for example, the long PUCCH could be constructed out of basic units. Different durations of the PUCCH are then all integer multiples of the basic units and can be multiplexed. For 3 to tens of bits of UCI, a smaller base unit can be allocated to conserve resources.
We prefer that one PUCCH format is used for UCI of more than 2 bits.
PUCCH design for UCI of more than 2 bits
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.
A long PUCCH is assembled by multiple basic units in the time domain, where each base unit can transmit 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 [2]. 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 Fig. 1.


Figure 1 - Examples for several possible base unit for long-PUCCH.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]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.
The base unit can have 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. The long PUCCH can be constructed by one or more types of base units. In this way, the length of the long PUCCH will be flexible.
Similar to the long PUCCH for UCI of up to 2 bits, the long PUCCH of different UEs can be multiplexed by FDM, TDM or CDM. For example, a continuous resource region can be allocated in the frequency domain as long PUCCHs of the same length, where they can be multiplexed with FDM, TDM or CDM. A detailed description is mentioned in [2].
The frequency hopping based on a single or continuous base unit can be supported in a slot. The frequency hopping pattern can refer to [2].
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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