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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. In RAN1 #90, lot of contributions discussed about long PUCCH transmission for more than 2 bits. The following agreements were made
Agreements:
· Long-PUCCH for moderate UCI payload with multiplexing capacity is supported

Agreements:
· For a PUCCH format for UCI with large payload with no multiplexing capacity within a slot:
· If frequency-hopping is enabled,
· For each frequency-hop with less than X symbols, there is one DMRS symbol.
· X is not smaller than 4.
· For each frequency-hop with equal to or more than X symbols, there are two DMRS symbols.
· For each frequency-hop, at least one DMRS symbol is included.
· FFS: number of DMRS symbols if frequency-hopping is disabled.
· Targeting one value for X.
· FFS: The value of X
· FFS: DMRS structures
· Note:
· Continue discussion on simulation assumptions

Agreements:
· Simulation assumptions for purpose of identifying the number of DMRS symbols for long PUCCH format without multiplexing capability for more than 2 bits UCI payload
· System bandwidth = 20Mhz
· Subcarrier spacing = {15kHz, 30 kHz}
· TDL-C channel with delay spread = {300nS, 1000nS}
· # UE Tx =1, # gNB Rx =2 ( Optional: # gNB Rx = 4 and 32)
· Payload sizes without CRC: 20bits, 60bits, 100 bits (only for 14 symbols long PUCCH)
· Number of RB = {1 RB} 
· Carrier frequency = 4Ghz
· Number of UEs = {1}
· UE speed: 3 km/h, 120km/h, 500km/h at least for 20 bits 
· Polar code with 8+3 CRC and/or TBCC with 8 CRC bits
· Practical channel estimation and ideal noise estimation
· 
In this contribution, we describe our views on number of DMRS symbols for long PUCCH. 
 DM-RS Configuration for long PUCCH  
[bookmark: _Ref378529477][bookmark: _GoBack]In our view, NR coverage is determined based on the performance of uplink control channel PUCCH. Thanks to massive MIMO at the gNB the performance of NR PUCCH can be improved over legacy systems. However, the performance gains due to many receiving antennas are impacted by the DMRS density. Figure 1 shows the performance of NR long duration PUCCH performance as a function of the number of receive antennas. For NR PUCCH, we used DFT-S-OFDM as the waveform at 2.1 GHz, while for LTE PUCCH we used CP-OFDM as the waveform at 700 MHz.
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Figure 1 BLER as a function of number of receive antennas for NR PUCCH

As we increase the number of receive antennas the performance is improved. However, the performance gain is reduced as we increase the number of receive antennas.  For example, take the case of 2 receive antennas to 4 receive antennas. In this case, the gain is around 3.5 dB. Note this this includes array gain of 3 dB. Hence the diversity gain is around 0.5 dB. However, if we take the example of 8 receive antennas and 16 receive antennas, the gain is around 2 dB, at 1% block error rate, which is less than the array gain of 3 dB.  This is because, at the SINR operating point, the estimation error is very large which introduces errors.  One way to mitigate this problem is to boost DMRS power or increase the DMRS symbols based on operating SNR. For example, the network can configure the cell edge UEs with higher DMRS densities such that they can get array gain due to the massive number of receive antennas at gNB.  Similarly, the network can configure the UEs to boost the power on DMRS based on the operating SNR. Hence we propose that
Proposal:  NR should support configurable number of DM-RS symbols for long PUCCH 
[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution we describe our views on support of long PUCCH for more than 2 bits
Based on our observations, we have the following proposals:
[bookmark: _Ref450342757]Proposal:  NR should support configurable number of DM-RS symbols for long PUCCH 
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