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1 Introduction

In 3GPP RAN1#88bis meeting and RAN1#89 meeting [1] [2], uplink control channel design was discussed and the followings were agreed:
RAN1#88b

· 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.
RAN1#89
· Long duration NR-PUCCH for up to 2 bits in a given slot is composed as the followings:

· HARQ ACK by BPSK or QPSK modulation is repeated in time domain and multiplied with sequence(s)

· FFS: pi/2 BPSK usage
· Two states SR is based on on-off-keying

· Time domain OCC can be applied over multiple UCI/DMRS symbols per frequency hop
· NR supports following long-PUCCH:

· One PUCCH format for UCI with up to 2 bits with high multiplexing capacity

· One PUCCH format for UCI with large payload with no multiplexing capacity

· FFS: One PUCCH format for UCI with moderate payload with some multiplexing capacity

· Note: this could be a variation of one of the former PUCCH formats.

· Email discussion for collecting companies views on the following until the next meeting:

· Detailed long-PUCCH structure(s) for a given slot taking into account various number (4 – 14) of OFDM symbols and multiple PUCCH formats, and various number of UCI bits, especially regarding to:

· DMRS location(s)

· Frequency-hopping boundary(ies) in time-domain

Based on the previous agreements, this contribution will analyze the requirement on UCI payload size. Besides two agreed long PUCCH formats, the contribution will discuss the additional long PUCCH format for NR. Then, some common design principles for different long PUCCH formats are analyzed, which includes DMRS location(s) and frequency hopping boundary(ies). Finally, the supported numbers of symbols on different slot types are discussed.
2 Discussion
2.1 Additional long PUCCH format
In RAN1#89 meeting, two long PUCCH formats have been supported: one for 1-2 bits payload with large multiplexing capacity; one for large payload with no multiplexing capacity. Besides these two long PUCCH formats, an additional long PUCCH format is needed for the moderate payload.
This would be useful at least for the following two typical use cases:
1. Upon the basis of LTE’s CSI design (up to 11 bits), the resource selection indicator (RSI) (e.g., beam index) and the corresponding quality (e.g., RSRP) may be transmitted on PUCCH for beam management. Besides, a recovery request (RR) message to trigger the beam recovery/switch may be transmitted on PUCCH [2]. The combination of these two parts will reach about dozens of bits.
2. Multiple bits’ feedback for one TB (CBG-based HARQ ACK/NACK) have been introduced to reduce the retransmission overhead and enhance the throughput. Meanwhile, since flexible HARQ timing has been supported in NR, UE may need to feed back acknowledgement of multiple PDSCHs on one slot. The combination of these two conditions will require dozens of bits also. 
For this format, since payload size is not as large as the agreed long PUCCH format (large payload size without multiplexing capacity), a middle multiplexing capacity can be considered to reduce the overhead of long PUCCH.
Proposal 1: PUCCH format with middle multiplexing capacity should be adopted for moderate payload.
2.2 Common designs for different formats
· DMRS locations
For the DMRS locations, they should locate at the fixed locations in the 7-symbol slot and 14-symbol slot. Firstly, as analyzed in [3], it will reduce the complexity of channel estimation. In addition, if the neighbor cells use the long PUCCH with different symbol length, fixed DMRS locations will keep DMRS out of the interference of UCI.
· Frequency hopping boundary
As agreed in RAN1 NR Ad hoc, intra-slot frequency hopping needs to be supported. To maximize the frequency diversity gain, the frequency hopping boundary should locate at the middle of long PUCCH. By this way, the frequency hopping boundary will be determined by the starting point and the duration of long PUCCH simultaneously.

In our contributions [4] & [5], some performance evaluations are made to support the proposed common design. So, based on the previous analysis and simulation results, we have the following proposal:
Proposal 2: For structures of all NR long PUCCH formats,

· DMRS location(s): DMRS should locate at the fixed position(s) as in the 7-symbol slot and 14-symbol slot.
· Frequency hopping boundary: the frequency hopping boundary should locate at the middle of long PUCCH.

2.3 Supported number of symbols on different slot types
Based on the agreements in RAN1#88bis meeting, long PUCCH design should consider a set of symbol numbers (4-symbol to 14-symbol). Firstly, to keep the short PUCCH & SRS in the UL-only & UL-centric slot aligned with DL-centric slot, the UL symbol(s) to transmit short PUCCH & SRS should be located at the end of the slot. Further, considering symbol number of DL control (“D” in Figure 1), Guard Period (“G” in Figure 1), short PUCCH and SRS (“U” in Figure 1), we will discuss the potential locations of 4-symbol to 14-symbol long PUCCH for 7-symbol slot and 14-symbol slot respectively.

For 7-symbol slot, load of DL control will not be as much as the slot with 14-symbol, 1-symbol DL control channel may satisfy the requirement of scheduling possibly. What is more, in UL-centric slot, DL-control channel cannot be dynamically reused by DL data, 2-symbol DL control channel may lead to waste of resource in 7-symbol slot. According to the previous analysis, the preferred locations of 4-symbol to 7-symbol long PUCCH are shown in Figure 1(a). 

For 14-symbol slot, 1-symbol and 2-symbol DL control channel can be considered both, and the preferred locations of 8-symbol to 14-symbol long PUCCH are shown in Figure 1(b).
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Figure 1. Locations of long PUCCH in 7-symbol slot and 14-symbol slot

Proposal 3: For long PUCCH, the supported number of symbols should relate to the slot type:

· For the UL-centric slot in 7-symbol slot, the supported number of symbols are {4,5};

· For the UL-only slot in 7-symbol slot, the supported number of symbols are {5,6,7};

· For the UL-centric slot in 14-symbol slot, the supported number of symbols are {8,9,10,11,12};

· For the UL-only slot in 14-symbol slot, the supported numbers of symbols are {12, 13, 14}.
3 Conclusion
In this contribution, additional long PUCCH formats, common design principles and have been discussed. Based on above discussions, the following proposals are given:
Proposal 1: PUCCH format with middle multiplexing capacity should be adopted for moderate payload.
Proposal 2: For structures of all NR long PUCCH formats,

· DMRS location(s): DMRS should locate at the fixed position(s) as in the 7-symbol slot and 14-symbol slot.
· Frequency hopping boundary: the frequency hopping boundary should locate at the middle of long PUCCH.

Proposal 3: For long PUCCH, the supported number of symbols should relate to the slot type:

· For the UL-centric slot in 7-symbol slot, the supported number of symbols are {4,5};

· For the UL-only slot in 7-symbol slot, the supported number of symbols are {5,6,7};

· For the UL-centric slot in 14-symbol slot, the supported number of symbols are {8,9,10,11,12};

· For the UL-only slot in 14-symbol slot, the supported numbers of symbols are {12, 13, 14}.
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