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1 Introduction

In RAN1#88 and RAN1 NR Ad hoc, the following agreements for PUCCH in long duration and short duration were made in [1] [2].
· 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

· Both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot

· 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,

· 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-TTI slot frequency-hopping is supported
In this contribution, we will firstly discuss some design principles for the long-PUCCH, i.e., the UE multiplexing capacity, scalable design with variable number of symbols and frequency diversity. Then we will discuss the supported number of symbols and the time domain spread method for PUCCH in long-duration.   
2 Design principles for PUCCH in long duration

In this section, we will discuss the design principles for PUCCH in long duration, which will make the design object more clearly.
Firstly, long duration PUCCH should strive for scalable design with respect to the number of symbols as agreed, which will reduce the specification effort. To achieve this target, we need to know which number of symbols for PUCCH in long duration will be supported.
Secondly, in our view UE multiplexing capacity should be same/similar to LTE PUCCH such that the PUCCH resource overhead will not significantly increase compared to LTE. 

Finally, since intra-slot frequency hopping has been agreed to support, design of long PUCCH should consider the potential impact of frequency hopping. To keep the frequency-diversity gain same/similar to LTE PUCCH, when enable intra-slot frequency hopping, difference between symbol number of the front part and symbol number of the back part should be as small as possible (not more than 1 symbol). In addition, to some small number of symbols for long PUCCH, frequency hopping may impact multiplexing capability.
3 Number of symbols for PUCCH in long duration
In NR, a slot has 7 or 14 symbols for the same subcarrier spacing of up to 60kHz with normal CP. There would be two slot types for long duration PUCCH transmission, including uplink-only, uplink-centric. For an uplink-only slot, 7 or 14 symbols are all allocated for uplink transmission. Therefore, for long duration PUCCH, the maximum number of symbols is 14 in a given slot. For uplink-centric slot with 7 or 14 symbols, downlink control may occupy the variable number of symbols, e.g., 1, 2, or 3, and guard period at least takes 1 symbol. As agreed in RAN1 #88 meeting [1], “Both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot”, the TDM between short duration PUCCH and long duration PUCCH should be considered in the design of long duration PUCCH. Moreover, the SRS can be considered to be transmitted in the last symbol of an uplink transmission part as LTE. Therefore, the scalable design of PUCCH in long duration needs to support variable number of symbols from 4 to 14 in a given slot.
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. 
4 UE multiplexing capability for PUCCH in long duration
As shown in Figure 1, in LTE, PUCCH format 1/1a/1b can support 18 users multiplexing in one RB, wherein 6 available cyclic shift in frequency domain and three times spread in time domain. To achieve the same/similar UE multiplexing capacity of LTE PUCCH in one RB, both cyclic shift in frequency domain and OCC in time domain must be supported.
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Figure 1. LTE PUCCH format 1/1a/1b

Based on the previous analysis in section 2, when frequency hopping is enabled, difference between symbol number of the front part and symbol number of the back part will not be more than 1 symbol.
For the 8-length to 14-length long PUCCH, each part will have 4 symbols in time domain at least which means all of them can  support two times spread in time domain (at least 2 symbols for RS and 2 symbols for UCI).

For the 4-length to 7-length long PUCCH, if frequency hopping is enabled, all of them cannot support time domain spread. But to enhance multiplexing capability, frequency hopping can be set to configurable function in 7-symbol slot case. The gNB can choose to enable frequency hopping or time domain spread according to the actual requirement. If frequency hopping is disabled, all of them can support two times spread in time domain.
In the last meeting, some companies proposed that time domain spread can be removed from long PUCCH design [3] [4]. The argument for not supporting time domain OCC is that variable number of symbols for long PUCCH will lead a variable multiplexing capability of long PUCCH in one RB. By our analysis, all conditions (4 symbols to 14 symbols) are able to support two times spread. To make UE multiplexing capacity as close as possible to LTE PUCCH and fixed multiplexing capability in one RB, NR long PUCCH could adopt at least two times spread in time domain.
In addition, all multiplexed PUCCH transmissions should use the same PUCCH length in a slot, which will keep the orthogonality among different UEs. 
Based on the above discussions of time domain spread for long PUCCH, we have the following proposal:
Proposal 2: For long duration PUCCH, at least two times spread in time domain should be supported.
5 Conclusions
In this contribution, the supported number of symbols and the time domain spread method for PUCCH in long-duration are 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, at least two times spread in time domain should be supported.
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