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1 Introduction

In NR Ad-Hoc meeting, the following agreements were made in [1].
· 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 discuss long duration PUCCH design.  
2 Long duration PUCCH channel
2.1 Number of symbols for long duration

According to the agreements of RAN1#87 [1], NR will support long duration (e.g., multiple UL symbols) PUCCH transmitted in one slot or multiple slots. To meet different coverage requirements, multiple symbols for PUCCH are needed. As shown in Fig. 1, if a UE uses different number of symbols to transmit PUCCH, the transmission coverage will be different.
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Fig. 1. Symbols of PUCCH and coverage

In NR, there would be two slot types for long duration PUCCH transmission, including uplink-only, uplink-dominant. For an uplink-only slot, 14 or 7 symbols are all allocated for uplink transmission. For uplink-dominant 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 or 11. To support two kinds of slot durations and different slot types, the number of symbols for PUCCH should be scalable changed.
According to the analysis above, the number of symbols for long duration PUCCH could be changed at least from 4 symbols to 14 symbols, thus it is desirable to have a unified design for long duration PUCCH with supporting a scalable number of OFDM symbols. On the other hand, if only considering the coverage requirement based on the number of OFDM symbols, it may be unnecessary to support all number of OFDM symbols for long duration PUCCH. Therefore, the supported number of symbols may be down selected and the detailed designs for specific number of symbols are further studied. 
Proposal 1: Long duration PUCCH channel can support scalable number of OFDM symbols in a slot.

· 
The range of possible number of OFDM symbols for long PUCCH is  from 4 to 14
2.2 Long duration in a slot
As discussed in section 2.1, the number of OFDM symbols for long duration PUCCH is changed from 4 to 14. However, there may be some typical cases with limited number of OFDM symbols for long duration PUCCH structures. The examples can be shown in Fig. 2, including both 14 symbols and 7 symbols of a slot. For UL-only slot, all symbols can be arranged to transmit long duration PUCCH as shown in Fig. 2(a) and Fig. 2(b). As in LTE, frequency hopping is supported to harvest diversity gain. In Fig. 2(a), similar to that of LTE, 7 symbols are allocated on one side of the system band and the others are on the other side. RS symbols can be front-loaded or have fixed location. In Fig. 2(b), frequency hopping is achieved by 3 or 4 symbols on one side and the remaining symbols on the other side. In Fig. 2(c), a 4-symbol PUCCH is given with each two symbols on one side as frequency hopping. Based on these structures shown in Fig. 2, how to extend long duration PUCCH to support other number of OFDM symbols can be further studied. 
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Fig. 2. Long duration PUCCH structure with 14, 7, 4 symbols as examples
Proposal 2: Frequency hopping for long duration PUCCH in one slot should be based on the hopping design of LTE including half of symbols on each edge of the UE transmission bandwidth.
In NR, at least for different UEs, TDM multiplexing between long duration and short duration PUCCH should be supported, and two examples are shown in Fig. 3(a) and Fig. 3(b). In Fig. 3(a), a 14-symbol slot is configured to support 7-symbol long duration PUCCU and 2-symbol short duration PUCCH. In Fig. 3(b), a 7-symbol slot is configured to support a 4-symbol long duration PUCCH and 1-symbol short duration PUCCH. 
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Fig. 3. TDM multiplexing between long duration and short duration PUCCH
Proposal 3: Long duration PUCCH and short duration PUCCH can be multiplexed by TDM in one slot.
2.3 Long duration in multiple slots
In RAN1 #87 meeting [1], it was agreed that long duration PUCCH channel at least with low PAPR design can be transmitted in multiple slots. Furthermore, if NR is targeting a same coverage as LTE, transmission across multiple slots should allow a total duration of 1ms. For example, an uplink-only slot of 14 symbols with reference numerology supports a total duration of 1ms and has the similar coverage as LTE. However, for uplink-dominant slot, the number of available UL symbols would be smaller than 14. In such case, multiple slots can be aggregated together to provide for long duration PUCCH. 
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. Besides, such design can be easily extended from 2 slots to more slots, and the coverage could be enhanced by increasing the number of slots. When transmitting over multiple slots, it may not be easy to arrange multiple uplink-only or uplink-dominant slots consequently. Hence, those slots may not be adjacent in time.
Proposal 4: For multi-slot PUCCH, slots may not be adjacent and PUCCH repetition is supported.

To harvest diversity gain, intra-slot frequency hopping is supported as agreed in [2]. Such intra-slot frequency hopping consists of multiple slots, and each slot can support frequency hopping as discussed in Section 2.2. For intra-slot frequency hopping, the number of uplink symbol in each slot may be same or different. When each slot has the same number of uplink symbols, the frequency hopping in each slot can be repeated over multiple slots. For slots with different number of uplink symbols, each slot can apply frequency hopping itself, and the design of multiple such slots can be regarded as intra-slot frequency hopping.
Proposal 5: Frequency hopping in each slot of intra-slot frequency hopping should consider that of LTE as a baseline.
2.4 Transmission diversity with Low PAPR
Based on the agreement in RAN1#87 [1], low PAPR property should be guaranteed in long duration PUCCH transmission. In case of the transmission diversity scenario, which is used to improve the coverage, low PAPR should also be supported. In LTE, when two-direction beamformed transmissions on long duration PUCCH are enabled simultaneously (such as distributed MIMO scenario), the used antennas for each direction is non-overlapped (Antenna 1, 2, 3, 4 are used for generating direction A and antenna 5, 6, 7, 8 are used for generating direction B). By this way, low PAPR property could be guaranteed. In NR, especially in high frequency, coverage is severely limited. To enhance the coverage, all antennas may be used to generate both of these two directions (Antennas 1~8 are used for generating direction A & B respectively), which can get more beamforming gain. In this case, how to keep the low PAPR property of long duration PUCCH transmission should be studied.

Proposal 6: When two-direction beamformed transmissions on long duration PUCCH are enabled simultaneously, if same antennas are used to generate both of these two directions, how to keep the low PAPR property of long duration PUCCH transmission should be studied.
3 Conclusions
In this contribution, long duration PUCCH design is discussed. Based on the discussion, we have the following proposals:
Proposal 1: Long duration PUCCH channel can support scalable number of OFDM symbols in a slot.

· 
The range of possible number of OFDM symbols for long PUCCH is  from 4 to 14
Proposal 2: Frequency hopping for long duration PUCCH in one slot should be based on the hopping design of LTE including half of symbols on each edge of the UE transmission bandwidth.

Proposal 3: Long duration PUCCH and short duration PUCCH can be multiplexed by TDM in one slot.
Proposal 4: For multi-slot PUCCH, slots may not be adjacent and PUCCH repetition is supported.

Proposal 5: Frequency hopping in each slot of intra-slot frequency hopping should consider that of LTE as a baseline.
Proposal 6: When two-direction beamformed transmissions on long duration PUCCH are enabled simultaneously, if same antennas are used to generate both of these two directions, how to keep the low PAPR property of long duration PUCCH transmission should be studied.
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