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1. Introduction
In RAN1 NR Ad-Hoc#2, PUCCH in long-duration was discussed with following agreements:
Agreements:
· For a long PUCCH with up to 2 bits UCI:
· Working assumption:
· DMRS always occurs in every other symbols in the long PUCCH
· FFS: even or odd symbols
· The working assumption can be revisited if an issue is found in terms of transient period.
In this contribution, we further discuss the design of DMRS for long PUCCH with up to 2 UCI bits.
2. Discussion
It was agreed that DMRS always occurs in every other symbols in the long PUCCH. However, the following factors should be considered for the detailed design of DMRS pattern:

· The start symbol and the end symbol of long PUCCH are flexible.

Since the uplink symbols in different slots are different, and a long PUCCH and a short PUCCH can be multiplexed in one slot, the combinations of start symbol and the end symbol of long PUCCH will be multiple, especially when short-PUCCH over 2 OFDM symbols is supported. If the DMRSs are located on the symbols (no matter even or odd symbols) based on the slot boundary, the actual DMRS pattern for long PUCCH will be very flexible, as shown in Figure 1, which increases the complexity of implementation for channel estimation. Therefore, in order to avoid the complexity of implementation, we propose that DMRS pattern is defined based on the boundary of long PUCCH.
Proposal 1: DMRS pattern is defined based on the boundary of long PUCCH.
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Figure 1: DMRSs are located on the symbols based on the slot boundary
· The number of UCI symbols is no less than the number of DMRS symbols.

To achieve better detection performance, the number of UCI symbols should be no less than the number of DMRS symbols. In the other words, when the number of long PUCCH symbols is odd, the number of UCI symbols equals to the number of DMRS symbols plus 1, as shown in figure 1. Therefore, DMRSs should occupy the odd symbols in long PUCCH, as shown in Figure 2.
Proposal 2: DMRSs should occupy the odd symbols indexed from the first symbol of long PUCCH.
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Figure 2: DMRSs occupy the odd symbols in long PUCCH
3. Conclusions
In this contribution, we show our views on the design of DMRS for long uplink control channel with up to 2 UCI bits with following proposal:
Proposal 1: DMRS pattern is defined based on the boundary of long PUCCH.
Proposal 2: DMRSs should occupy the odd symbols indexed from the first symbol of long PUCCH.
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DMRS pattern 2 for 7 PUCCH symbols
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