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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
Regarding the design of 2-symbol NR-PUCCH, the following agreements were made during the meeting of RAN1 #89 [1]:
Agreements:
· For 2-symbol NR-PUCCH, frequency hopping is supported at least for localized (contiguous) PRB allocation in each symbol
· FFS for distributed (non-contiguous) PRB allocation
The following agreements were made during the meeting of RAN1 #90 for 2-symbol NR-PUCCH with more than 2 bits [2]:
Agreements:
· For 2-symbol short-PUCCH for UCI of more than 2 bits, encoded UCI bits are mapped across two symbols.
· FFS: 1 symbol short-PUCCH for UCI of more than 2 bits are repeated across 2 symbols with or without freq. hopping
In this contribution, we make link level simulations for 2-symbol NR-PUCCH with more than 2-bit UCI payload, as well as present our view based on the simulation results.
2. Discussions
2.1. Structure of short NR-PUCCH more than 2-bit over 2 OFDM symbols
For short NR-PUCCH more than 2-bit over 2 OFDM symbols, several remaining aspects are as follows (especially FFS parts in the previous agreements), e.g.,
· Support frequency hopping of encoded UCI bits mapped across two symbols 
· Absence and or presence of DMRS in the 2nd symbols
· Whether to support 1 symbol short-PUCCH for UCI of more than 2 bits are repeated across 2 symbols with or without freq. hopping
This section further investigate these aspects.
[bookmark: OLE_LINK1]Structure of 2-symbol NR-PUCCH more than 2-bit over 2 OFDM symbols
For 2-symbol NR-PUCCH, it’s agreed to support option 1-2, i.e., encoded UCI bits are mapped across two symbols. In addition, for 2-symbol NR-PUCCH, frequency hopping is supported at least for localized (contiguous) PRB allocation in each symbol. Herein, different possible structures for 2-symbol NR-PUCCH with more than 2-bit can be listed as followings. For the first two structure, DMRS REs are contained in each OFDM symbol and is beneficial to channel estimation. For pattern 3 showed in figure 1, only one OFDM symbol are mapped with DMRS which can reduce the DMRS overhead and hence lower coding rate. However, frequency-hopping is no longer applicable.
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Figure 2. Possible structures for 2-symbols NR-PUCCH with more than 2-bit UCI 

2.2. Simulation and results
Link level simulations are conducted to make comparison between the above differnet candidate structures from the BER performace point of view.
Evaluation assumptions
· 20bit UCI of large payload is evaluated by link-level simulation by considering multiple ACK/NACKs and CSI feedback. Polar code is applied since this is the current agreement for improving UCI performance. 
· 6PRBs are assumed and both localized (contiguous) and distributed (non-contiguous) allocations are simulated. Moreover, to compare the performance of different DMRS density for 1-symbol PUCCH, 3PRBs allocation is also simulated.
· Note that non-contiguous RBs with largest frequency separation or localized RBs with frequency hopping with largest frequency deiversity is assumed.
· TDC-C channel is assumed. DS=30ns and 1000ns are considered in order to model small and large delay spread scenarioes.
· To evaluate the performance gain of different structures showed in Figure 2, 1/3 DMRS density distributed equally is used. 
Simulation results
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Figure 6. The BER performance vs. SNR for 2-symbol PUCCH for 20-bit UCI for single user TDL-C 30ns or 1000ns channel. 6PRBs localized and distributed. Comparing of structures for 2-symbol PUCCH

From Figure 6, we can observe that  for 2-symbol PUCCH with different sturctures,
· Distributed PRB allocation with DMRS in each symbol outperforms others especially in large delay spead scenario.
· For 20-bit UCI with 6PRB allcation, DMRS only in the first symbol provides worse performace especically in lager delay spread scenario. In our simulation setting, coding rate is less than 1/3 if each symbol contain DRMS, coding rate is not dominant while channle estimation is more important..
· For 20-bit UCI, distributed mapping outperforms localized mapping without frequency hopping. Especially for small delay spread scenario, about 4dB gain is observed.
· For 20-bit UCI, localized mapping with frequency hopping can provide slightly worse performace comparing to distributed mapping in small delay spead scenario, but large gap in large delay spead scenario.
According to the above simulation results, we have the following observation and proposals:
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Observation 1: For 2-symbol PUCCH, further study is needed to decide whether to support DMRS overhead reduction. 
Observation 2: For 2-symbol PUCCH, distributed mapping can provide better performace than localized mapping.
Proposal 1 : DMRS on the 2nd OFDM symbol for PUCCH spans 2 OFDM symbols can be reduced.
Proposal 2 : Distributed PRB allocation shall be supported at least for short PUCCH spans 2 OFDM symbols.
3. Further consideration
Beam sweeping between two symbols 
It’s well-known that short PUCCH with 1 or 2 symbol(s) duration are designed for shorter RTT relative to long PUCCH designed for lager RTT and wider coverage. In our view, the main motivation for the 2-symbol short PUCCH is for reliability compared to the 1-symbol. For multiple-beam scenario, it’s reasonable to consider beam sweeping between two symbols. There are two operations listed as follow which can be considered.
· Option 1: short PUCCH with 2-symbol but different beam in each symbol
· Option 2: repetition of short PUCCH with 1-symbol
Basically, both option 1 and option 2 provides similar performance. Compared to option 2 , option 1 allows different QCL assumptions within one short PUCCH instance. Therefore the signalling design is more complicated. Option 2 is very similar to LTE PUCCH repitition. Therefore, we propose that
[bookmark: _GoBack]Proposal 3 : Repetition of short PUCCH with 1-symbol is supported. And different QCL assumption can be indicated for each repitition.
Multiplexing between different NR-PUCCH formats
Regarding the multiplexing between short-PUCCH and long-PUCCH or PUCCH for large payload and small payload, there are several multiplexing options summarized in our companion contribution [3]. In order to multipex different PUCCH or PUCCH and SRS, we perfer IFDMA-like PUCCH.
Proposal 4 : In order to multipex different PUCCH or PUCCH and SRS, we perfer IFDMA-like PUCCH structure is supported in NR.

4. Conclusion
This contribution discusses some considerations on structure design for short NR-PUCCH with more than 2-bit UCI. In summary, observations and proposals are made as follows:
Observation 1: For 2-symbol PUCCH, further study is needed to decide whether to support DMRS overhead reduction. 
Observation 2: For 2-symbol PUCCH, distributed mapping can provide better performace than localized mapping.
Proposal 1 : DMRS on the 2nd OFDM symbol for PUCCH spans 2 OFDM symbols can be reduced.
Proposal 2 : Distributed PRB allocation shall be supported at least for short PUCCH spans 2 OFDM symbols.
Proposal 3 : Repetition of short PUCCH with 1-symbol is supported. And different QCL assumption can be indicated for each repitition.
Proposal 4 : In order to multipex different PUCCH or PUCCH and SRS, we perfer IFDMA-like PUCCH structure is supported in NR.
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Annex A. Simulation assumptions
Table A.1 Link-level simulation assumptions
	Parameter
	Assumption

	Bandwidth
	20 MHz

	Carrier frequency
	4GHz

	Channel model
	3 Km/h, TDL-C, 30ns, 1000ns

	Channel estimation
	Ideal MMSE

	Resource allocation
	One/two-OFDM symbol are reserved 

	
	6/3 contiguous RBs, dis-contiguous RBs with largest frequency separation

	 Control Channel Payload
	20bits

	Modulation Scheme
	QPSK, polar+8bit CRC, Max-log-likehood algorithm

	Subcarrier spacing
	15kHz

	Symbol length
	Normal CP 160Ts + 2048 Ts, Ts =1/30.72us 

	Antenna Model
	1Tx, 2 Rx
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