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Introduction
In RAN1 #88b meeting [1], uplink control channel design was discussed and the followings were agreed:
Agreements:
· For 2-symbol NR-PUCCH, following options are considered (including possible down-selection)
· Option 1: 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI.
· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.
· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.
· Option 2: 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs.
· E.g., time-sensitive UCI (e.g., HARQ-ACK) is in the second symbol.

In RAN1 #89 meeting [2], the followings were agreed:
Agreements:
· For 2-symbol NR-PUCCH
· option 1-1 is supported for sending UCI with up to 2 bits.
· Note that sequence hopping is not precluded for option 1-1
· FFS method for sending UCI with more than 2 bits
· option 2 is not supported.
· Note: The functionality of option 2 can be achieved by two 1-symbol short PUCCHs transmitted on one slot in TDM manner (as already agreed in RAN1 #88bis meeting) and therefore it is considered as not necessary to introduce option 2.
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

In this contribution, we analyze the candidate methods for sending UCI with more than 2 bits from multiplexing capacity, channel coding gain perspective. And then, based on the analysis and simulation results, the preferred option is given. 
Discussions
In RAN1#89, it has been agreed that for UCI with one or two bits, option 1-1 is supported. Option 2 is not supported because the functionality of option 2 can be achieved by two 1-symbol short PUCCHs transmitted on one slot in TDM manner and therefore it is not necessary to introduce option 2. One of the open items on short PUCCH design is how to encode UCI with more than 2 bits in the case of 2-symbol PUCCH. Considering the agreement above, for UCI with more than 2 bits, we only analyze the two options proposed in previous meeting.
· Option 1: 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI.
· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.
· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.
For option1-1, same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH . The gNB can decode through signals on both symbols to obtain the combination gain which can also improve the decoding performance. Option 1-1 is perceived as being able to reduce latency for UCI processing because DMRS is located in both symbols and channel estimation can be immediately available after the first symbol is received.
The most advantage is its multiplexing capability. Because of the same content in both symbols, time domain OCC can be used to multiplex different UEs which is shown in figure 1 (the left part). It has been agreed that for 2-symbol NR-PUCCH, frequency hopping is supported at least for localized (contiguous) PRB allocation in each symbol. It means that if localized (contiguous) PRB allocation is configured with frequency hopping, option 1-1 cannot enhance multiplexing capacity by the time domain OCC. For distributed PRB allocation case and localized PRB allocation without frequency hopping, option 1-1 can still provide multiplexing capability by time domain OCC.
[bookmark: _GoBack]Furthermore, option 1-1 can also improve the robustness against dynamic interference. The gNB can still get the complete control information even if one of two symbols encounters severe interference. But for option1-2, interference may lead to worse decoding performance. Polar code is used for control channel in NR, Reliability ordering in its encoding procedure would inherently introduce imbalanced protection among bits, and thus between the two symbols. Under unpredictable interference scenarios, the decoding performance with the first symbol severely interfered and that of second symbol would be largely different. Such imbalanced performance should be avoided.


 
Figure1 2-symbols short PUCCH format with option1-1(left) and option1-2(right)

For option 1-2, UCI is encoded and the encoded UCI bits are distributed across the symbols which is shown in figure 1(the right part). Option1-2 allows UCI symbols to be directly mapped into allocated resources in two symbols, which may be more appropriate for short PUCCH carrying relatively large UCI payload size, such as more than 2 bits. 
With encoded UCI bits distributed across the two symbols, maximal coding gain can be achieved and hence link budget can be improved compared to option1-1 for relatively large UCI payload size. For example, we assume the coding rate is 1/3 for opt 1-1, which means each symbol adopts 1/3, but if the same UCI is adopted by option 1-2, the coding rate is only 1/6 that improves the redundancy and decoding success probability. This is especially benefit for the case when the channel quality is poor. 
However, if option 1-1 is precluded at this stage, the possible CDM of PUCCH for DL-centric slot with two UL OFDM symbols would be precluded. Compared to pure TDM, CDM scheme has the advantage of power boosting through two bundled symbols. Option 1-1 could provide tradeoff between TDM and option 1-2 from the perspective of performance and multiplexing capacity. Based on the above discussion, the following is proposed.

1. For 2-symbol short PUCCH with more than 2 bits, if PRB allocation is distributed in each symbol or localized without frequency hopping, option 1-1 should not be precluded.

Evaluation Results
Based on the agreement given above, the scheme for more than 2 bits should be selected from option 1-1 and option 1-2. In this section, link level simulations are implemented to compare the performance between two candidates, while the corresponding simulation assumptions can be found in the fifth chapter. The figure below compares BLER performance with 1/3 DMRS overhead. Furthermore, the yellow line with legend “TDM with 1 symbol” is the case that assuming two UEs occupying the respective symbol, which means the two UEs are TDMed in two symbols used to be transmitted 2-symbol PUCCH.
[image: ]
Figure 2 BLER performances for different options

As shown in figure 2, for 2-symbol short PUCCH with more than 2 bits, option1-2 outperforms option 1-1  by enabling channel coding gains. For the BLER, difference of performance between option 1-1 and option 1-2 is acceptable. Compared option 1-1 and “TDM with 1 symbol”, assuming two UEs are allocated to transmit short PUCCH within two symbols, using time domain OCC (CDM )such as option 1-1 has better performance than TDM, and if option 1-1 is not supported, two UEs are transmitted only by TDM manner which is obviously worse than CDM. 

Conclusions
In this contribution, we provide our evaluation and discussions on 2-symbol short PUCCH with more than 2 bits based on previous agreements. The following observations are made
We have the following proposals based on the analysis.
1. For 2-symbol short PUCCH with more than 2 bits, if PRB allocation is distributed in each symbol or localized without frequency hopping, option 1-1 should not be precluded.
[bookmark: _In-sequence_SDU_delivery]Simulation Assumptions
	Assumptions
	Value

	Carrier frequency
	2GHz

	Subcarrier spacing
	15kHz

	Antenna config
	1TX-1RX

	Channel estimation
	LS 

	DMRS overhead
	1/3

	PUCCH resources
	2 symbols with 6 RBs(72REs) on each symbol

	UCI payload size
	24 bits

	Channel model 
	ETU
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