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In RAN1 89 [1], the following are agreed for long PUCCH. 
Agreements:
· 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

Agreements:
· 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.

The details of structure of long PUCCH channel for 1 or 2 bits UCI payload with different duration, different staring and ending symbol are still opening. In this contribution, we discuss these open issues of long PUCCH design with up to 2 bits UCI payload.
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DMRS position is an important aspect in long PUCCH structure design. In RAN1, there are two different views regarding DMRS locations
· Option 1: DMRS locations are fixed within a slot with respect to the first symbol in the slot.
· Option 2: DMRS locations are floating within a slot with respect to the first symbol in the slot.

There are quite a few advantages for applying option 1 over option 2, as listed below
· With fixed DMRS locations, multiuser detection is easier at eNB because it is guaranteed that DMRS collides with DMRS, which simplifies joint channel estimation or interference cancellation.  With floating DMRS locations, DMRS could collide with other cell UEs data symbol, which makes multi-user joint channel estimation very difficult. 
· Even without multiuser detection or interference estimation, eNB receiver chain especially channel estimation can be simplified because the location of DMRS symbols are fixed. The channel estimator knows exactly where to extract pilot symbols. While in option 2, the channel estimator need extract pilot symbols from different locations depends on PUCCH actual length, starting symbol, and ending symbol. 
· The UE transceiver chain can be simplified because UE knows which symbols are DMRS and which symbol are data symbols (carrying UCI payload), regardless of the DL control length, the variable length of long PUCCH, the starting symbol, and the ending symbol of long PUCCH.

With the above-mentioned advantages, we propose to apply fixed DMRS locations within a slot with respect to the first symbol in the slot. Furthermore, we propose to keep around 50% DMRS overhead similar to LTE, as 50% DMRS overhead is a good choice for 1 or 2 bits UCI payload. Therefore, we propose the set of potential DMRS symbol location indices should be {1,3,5,8,10,12} for a nominal slot of 14 symbols.  Depends on the actual length of long PUCCH, the starting symbol, and the ending symbol of long PUCCH, a subset of the DMRS location set can be utilized. The details of structure with different length, different starting symbol, and different ending symbol for long PUCCH with up to 2 bits UCI payload are shown in Figure 1. 
To increase user efficiency, we may have cyclic shifts based multiplexing within one OFDM symbol. Multi-symbol OCC may also be supported. In order to allow OCC with different duration, the spreading factor and corresponding orthogonal cover set can be implicitly derived based on the corresponding long-PUCCH duration portion. For example, when the long-PUCCH duration is composed of symbol 2,3,4,5,6 counting from 0 as shown in Figure 1, we may have spreading factor 2 and 3 for DMRS and data symbols respectively. Alternatively, to simplify things, we may also have OCC enabled only for certain PUCCH duration, e.g., when long-PUCCH duration is multiple of 7 symbols.
Proposal 1: DMRS symbols are located at fixed location with respect to the symbol 0 in each slot. The set of potential DMRS symbol indices is {0,2,4,6,7,9,11,13}.
Modularized implementation
The proposed DMRS and data symbol structure can be easily implemented by three base modules. The modules are illustrated as in Figure 2. By concatenating different modules, long PUCCH with different durations, different staring and end symbol can be supported. For mmW, different beam can be applied on different modules to introduce beam diversity for long PUCCH.
Frequency hopping
Frequency hopping is another important aspect for long PUCCH design. Frequency hopping can bring diversity gain in frequency selective fading channel and also bring robustness in case of frequency jammer. However, there is a loss in coherent combining gain in channel estimation comes with frequency hopping. The loss is roughly 3dB if two hops are applied in one slot. The loss may have less impact when PUCCH duration is relatively long. Considering the trade-off between frequency diversity and channel coherent combining gain, also considering simplify the hopping pattern design for long PUCCH, we propose, at least for sub6GHz, disable frequency hopping for PUCCH with length less than X symbols. For PUCCH with length more than or equal to X symbols, frequency hopping is enabled, where the value of X is for further study. One principle for deciding the hopping position should be allow floating hopping position depends on the starting and ending symbol location, such that the hopping can occur roughly at the middle of the long PUCCH duration. The hopping details are still for further study. 
Proposal 2: Disable hopping for PUCCH with length less than X symbols. Enable hopping for PUCCH with length equal or larger than X symbols, where value of X is FFS. 
Proposal 3: The potential frequency hopping position is floating within a slot.



[bookmark: _Ref471549674]Figure 1: Structure for long PUCCH with up to 2 bits UCI payload


[bookmark: _Ref485146649]Figure 2: Three base modules to construct long PUCCH with up to 2 bits payload
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To summarize, we discussed DMRS patterns and frequency hopping for long PUCCH with up to 2 bits UCI payload.  We have following proposals.
Proposal 1: DMRS symbols are located at fixed location with respect to the symbol 0 in each slot. The set of potential DMRS symbol indices is {0,2,4,6,7,9,11,13}.
Proposal 2: Disable hopping for PUCCH with length less than X symbols. Enable hopping for PUCCH with length equal or larger than X symbols, where value of X is FFS. 
Proposal 3: The potential frequency hopping position is floating within a slot.
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