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Background

In RAN1 #90, the following agreements were made on long PUCCH in a slot [1]. 

[bookmark: _GoBack]Agreements:
· For a PUCCH format for UCI with large payload with no multiplexing capacity within a slot:
· If frequency-hopping is enabled,
· For each frequency-hop with less than X symbols, there is one DMRS symbol.
· X is not smaller than 4.
· For each frequency-hop with equal to or more than X symbols, there are two DMRS symbols.
· For each frequency-hop, at least one DMRS symbol is included.
· FFS: number of DMRS symbols if frequency-hopping is disabled.
· Targeting one value for X.
· FFS: The value of X
· FFS: DMRS structures

In this contribution, we discuss remaining DMRS issues of long PUCCH with more than 2 UCI bits.

DMRS of long PUCCH for more than 2 bits

If frequency hopping is configured, the hopping location can be determined in the middle of the long PUCCH, e.g. at the end of the symbol of floor(N/2). The DMRS structure can be optimized and determined in each hop based on the number of symbols in the given hop. Some basic blocks can be defined for lengths of 2-7 symbols to determine the DMRS structure in each hop, as shown in Figure 1.

The number of DMRS in each hop is tradeoff between demodulation and coding gain. For UCI with large payload with no multiplexing capacity within a slot, several options can be considered
· Option 1: always 1 DMRS in each hop
· Option 2: X=6, i.e., for each frequency-hop with less than 6 symbols, there is one DMRS symbol; for each frequency-hop with equal to or more than 6 symbols, there are two DMRS symbols 



Figure 1. DMRS patterns for different #symbols and #DMRS in each hop

For UCI with large payload with no multiplexing capacity within a slot, Option 2 with two DMRS in a hop is more desirable. Therefore, from UE’s perspective, Option 1 or Option 2 can be configurable.

Proposal 1: One or two DRMS in a hop with 6 or 7 symbols can be configured for a UE.

If frequency hopping is not configured, for a long PUCCH duration between 4-7 symbols, the DMRS position may be determined by the basic block in Figure 1. If the PUCCH duration is 6-7 symbols, whether 1 or 2 DMRS are used can be configured. 

If frequency hopping is not configured, for a long PUCCH with more than 7 symbols, the DMRS location should be the same as frequency hopping is configured. That is, the long PUCCH is divided into two segments, and the DMRS pattern in determined based on the length of each segment. 

Proposal 2: For a long PUCCH duration of more than 7 symbols, the DMRS pattern should be applied with or without frequency hopping.

Conclusion

In this contribution, we discuss the structure of a PUCCH in long duration in a slot. Based on the discussions, we propose:

Proposal 1: One or two DRMS in a hop with 6 or 7 symbols can be configured for a UE.

Proposal 2: For a long PUCCH duration of more than 7 symbols, the same DMRS pattern should be applied with or without frequency hopping.
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