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In the RAN1 #89 Meeting, the following agreements have been made [1];
· 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.
· Study whether to support frequency re-tuning within a slot for PUSCH or for PUCCH in the Rel.15 NR.
· More specifically, investigate the impact of frequency-hopping for PUSCH or for PUCCH for a given slot, i.e., intra-slot hopping, within a certain bandwidth or across bandwidths
· The certain bandwidth is maximum UE transmission bandwidth capability.
In this contribution, our views on long PUCCH structure for UCI of 1 ~ 2 bits are presented.
Discussion
Support flexible number of symbols for long PUCCH
In LTE, the PUCCH always occupies all the uplink symbols, except for SRS if any, in the sub-frame, in order to achieve maximum coverage. It is a simple way, but it potentially means a waste of resources. For example, for a UE in a cell centre, its PUCCH does not need 13/14 symbols to satisfy the coverage requirement, but four or fewer symbols can be sufficient. 
So we think that the long PUCCH should support a flexible number of symbols. The number of symbols for the long PUCCH can be configured according to the UE's current coverage requirements. There is a trade-off between signalling overhead and flexibility. Such as configuring the length of the long PUCCH based on the base unit. Additionally, high-level signalling for each UE could be used to configure a suitable long PUCCH symbol set that corresponds to the needs of the UE and to the slot type. Then the physical layer signalling would indicate a specific value from the set.
Proposal 1: Long PUCCH should support flexible number of symbols. The number of long PUCCH symbols can be configured. 
· For example, configure the number of base units.
· Semi-static signalling configures the set of number of symbols, and the physical layer signalling indicates a specific value for the long PUCCH from the above set.
In order to facilitate code division multiplexing between long PUCCH from different UEs, the long PUCCH resource allocation should follow the principle that separate frequency domain resources are provided for long PUCCHs of different lengths. As an example shown in Figure 1, three separate frequency domain resources are provided for long PUCCHs with 6-symbol, 8-symbol, 10-symbol long respectively. Therefore long PUCCHs with the same length can be easily multiplexed within the frequency domain resource range. At the same time, symbols that are not used by PUCCH will be the same within a given frequency domain, so that these symbols will be easily reused as PUSCH.
Proposal 2: In the slot, separate frequency domain resources are allocated for long PUCCHs of different lengths.
There are two alternatives to determine the starting position of the long PUCCH,
· Alt 1. The start of the long PUCCH of different lengths align at the first UL symbol in the slot.
· Alt 2. The end of the long PUCCH of different lengths align at the last UL symbol in the slot except for short PUCCH symbols if any.
Because the uplink symbols in a slot that are not used by the long PUCCH can instead carry PUSCH transmissions, then a deciding factor is how flexible of the unused symbols can be used for PUSCH. As depicted in Figure 1a for Alt 1, the front-loaded RS spans a shorter frequency range than the later data. This means channel estimation in the exceeding frequency range i.e. Region B is unavailable. However, as shown in Figure 1b for Alt 2, the front-loaded RS would always cover the frequency range of the late data. Therefore Alt 2 is preferred. 
Proposal 3: The end of the long PUCCH of different lengths align at the last UL symbol in the slot except for short PUCCH symbols if any.

Figure 1 - Resource allocation for different lengths of PUCCH
PUCCH design 
For NR, the transmission of a long PUCCH is supported. It can span over one or multiple slots and can have a length between 4 and 14 OFDM symbols. However, it is not desirable to define multiple PUCCH formats for the different durations. In the RAN1 #89 meeting, it was agreed HARQ ACK by BPSK or QPSK modulation carried on long PUCCH is repeated in the time domain. In this section, the detailed repeating structure is discussed. 
The repeating structure can be based on the basic units. The length of long PUCCH can then be flexibly controlled by the number of basic units being used. Concatenation of basic units is preferable especially for a low payload since (1) 50% of RS ratio is then feasible and (2) TDM between RS and UCI can maintain a low PAPR waveform (i.e., DFT-s-OFDM). The base unit of the 2 symbols is shown in Figure 2 below. Every frequency hop can contain one or several consecutive basic units. Fewer basic units in one hop and more hops provide more flexibility while the consecutive basic units can then further multiplex the RS for decoding. For the multi-beam of long PUCCH, the basic unit can be the minimum granularity of one beam. The long PUCCH of different UEs can be multiplexed by FDM, TDM or CDM, which is depicted in Figure 3. 

Figure 2 - Frequency hopping based on basic unit

Figure 3 - Examples for different UEs multiplexed by FDM, TDM or CDM
Proposal 4: Consider to build a long PUCCH for UCI of 1~2 bits by concatenating multiple basic units.
· The basic unit for 1~2 bits consists one DMRS symbol and one UCI symbol.
· The basic unit is the minimum granularity of the frequency hopping and multi-beam transmitting.
[bookmark: _GoBack]Conclusion
Based on the analysis given above, we have the following proposals:
Proposal 1: Long PUCCH should support flexible number of symbols. The number of long PUCCH symbols can be configured. 
· For example, configure the number of base units.
· Semi-static signalling configures the set of number of symbols, and the physical layer signalling indicates a specific value for the long PUCCH from the above set.
Proposal 2: In the slot, separate frequency domain resources are allocated for long PUCCHs of different lengths.
Proposal 3: The end of the long PUCCH of different lengths align at the last UL symbol in the slot except for short PUCCH symbols if any.
Proposal 4: Consider to build a long PUCCH for UCI of 1~2 bits by concatenating multiple basic units.
· The basic unit for 1~2 bits consists one DMRS symbol and one UCI symbol.
· The basic unit is the minimum granularity of the frequency hopping and multi-beam transmitting.
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