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1 Introduction

In RAN1 #88 meeting, the following agreements were made in [1].
· For a given UCI payload, long-PUCCH is designed such that:

· FFS: UE multiplexing capacity should be same/similar to LTE PUCCH

· PAPR/CM should be same/similar to LTE PUCCH except for NR CP-OFDM case (if supported)

· Frequency-diversity gain should be same/similar to LTE PUCCH

· Interference randomization should be enabled

· For more than 2 UCI bits, strive for scalable design with long-PUCCH with respect to the number of UCI bits

· Strive for scalable design with long-PUCCH with respect to the number of symbols

· 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

· 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

In RAN1 NR Ad-Hoc meeting, the following agreements were made in [2].
· For PUCCH in long-duration,

· Long UL-part of a slot can be used for transmission of PUCCH in long-duration.

· i.e., PUCCH in long-duration is supported for both UL-only slot and a slot with the number of uplink symbols greater than X (X >= 2).
· FFS exact value of X
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.
· Intra-slot frequency-hopping is supported

In this contribution, we propose scalable long duration PUCCH channel design on both one slot and multiple slots. For the one-slot case, a scalable design is proposed. For the multi-slot case, a repetition method is discussed.
2 Long duration PUCCH channel
2.1 Number of symbols for long duration PUCCH
According to the agreements of RAN1#88 [1], NR will support long duration with minimum of 4 symbols in a given slot. To meet different coverage requirements, multiple symbols for PUCCH are needed. For an uplink-only slot, 14 or 7 symbols are all allocated for uplink transmission [3]. For an uplink-centric slot, downlink control may occupy 1 or 2 symbols and guard period at least takes 1 symbol, which means the number of symbols for PUCCH may be 4 to 11. 
Proposal 1: For long duration PUCCH, the maximum number of symbols is 14 in a given slot.
· 
The scalable design of PUCCH in long duration needs to support variable number of symbols from 4 to 14 in a given slot. 

2.2 Scalable channel design in a slot
As agreed in RAN1 #88 meeting [1], “Strive for scalable design with long duration PUCCH with respect to the number of symbols”. To support variable number of symbols from 4 to 14 for PUCCH in long duration, at least one base structure of PUCCH in long duration needs to be determined or (pre-)configured. In this base pattern, the position of DMRS and the range of number of symbols of PUCCH in long duration should be carefully considered in order to support the scalable structure. As specified in LTE, typically PUCCH is transmitted in the whole subframe with 14 symbols, but it can be shortened to 13 symbols if SRS is configured in the subframe. In NR, the similar scalable design should be supported with one or more base structures for variable number of symbols of PUCCH in long duration. In addition, this scalable structure can support all kinds of payload size from small payload size to large payload size. At least for small payload size, the UCI can be repeated in the UCI occupied symbols.

Proposal 2: For long duration PUCCH in one slot, the scalable structure should at least take DMRS position and the range of symbols of long duration PUCCH into account. 

2.3 Scalable channel design in multiple slots
In RAN1 #87 meeting [4], it was agreed that long duration PUCCH channel at least with low PAPR design can be transmitted in multiple slots. When PUCCH is transmitted across multiple slots, either partial UCI is transmitted in each slot or same UCI is transmitted repeatedly in every slot. For the case with partial UCI is transmitted, gNB has to successfully receive each slot so as to correctly decode the whole UCI. Hence, such transmission is vulnerable to unexpected interference or channel fading. For the case with same UCI, the transmission is more robust than the prior one.
In RAN1 #88 meeting [1], it was agreed that “at least for 1 or 2 UCI bits, the UCI can be repeated within N slots (N>1)”. When transmitting across multiple slots, the number of available uplink symbols in each slot can be the same or different. When each slot has the same number of uplink symbols, the PUCCH channel design in one slot can be applied to all slots. 

Option 1: the PUCCH channel in the second slot is a direct repetition of the first slot. An example is shown in Fig. 1(a). Direct repetition means the PUCCH symbols in the second slot convey the same signals as that in the first slot.
Option 2: the PUCCH channel in the second slot is a switched repetition of the first slot. An example is shown in Fig. 1(b). Switched repetition means those respective PUCCH symbols in the first slot operate on the other PRBs in the second slot.
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Fig. 1. An example of 10 symbols in two slots

In Option 1, the PUCCH channel of the second slot is just a simple copy of that in the first slot. However, the number of available uplink symbols are unequal for PRBs on each sides of the band. There are a total of 6 symbols operating on the upper PRB(s), but only 4 symbols operate on the lower PRB(s). The unequal number of symbols on each PRB(s) means that the diversity gain is not fully achieved. 
In Option 2, the PUCCH channel of the second slot switches the number of uplink symbols on the upper and lower PRB(s). As shown in Fig. 1(b), in the first slot, the first 3 uplink symbols are allocated on the upper PRB(s) and the other uplink symbols are arranged on the lower PRB(s); in the second slot, the first 3 uplink symbols are allocated on the lower PRB(s) and the other uplink symbols are arranged on the upper PRB(s). Hence, the number of symbols operate on the upper and the lower PRB(s) are the same, meaning that full diversity gain is achieved. 
For slots with different number of uplink symbols, the PUCCH channel of the second slot similarly switches the number of uplink symbols on both upper and lower PRBs, and maximum diversity gain can also be achieved. Assuming 
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symbols are allocated on the upper PRB(s) and 
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 symbols are allocated on the lower PRB(s) in the first slot, while 
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symbols are allocated on the lower PRB(s) and 
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 symbols are allocated on the upper PRB(s). An example is with 
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shown in Fig. 2.
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Fig. 2. An example of different number of uplink symbols in two slots
Proposal 3: For multi-slot PUCCH, switched repetition is preferred due to maximum diversity gain.

· Switched repetition means those respective PUCCH symbols in the first slot operate on the other PRBs in the second slot. 
3 Conclusions
In this contribution, long duration PUCCH design is discussed. Based on the discussion, we have the following proposals:
Proposal 1: For long duration PUCCH, the maximum number of symbols is 14 in a given slot.
· 
The scalable design of PUCCH in long duration needs to support variable number of symbols from 4 to 14 in a given slot. 

Proposal 2: For long duration PUCCH in one slot, the scalable structure should at least take DMRS position and the range of symbols of long duration PUCCH into account. 

Proposal 3: For multi-slot PUCCH, switched repetition is preferred due to maximum diversity gain.

· Switched repetition means those respective PUCCH symbols in the first slot operate on the other PRBs in the second slot. 
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