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1	Introduction
[bookmark: _GoBack]Rel-14 NR study item [1] has been closed and a new Rel-15 WI dealing with New Radio Access Technology [2] has been approved. The work item targets to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC) as defined in [3]. The NR under this work item considers frequency ranges up to 52.6 GHz.
This contribution relates to short PUCCH design in NR. In the previous RAN1 meetings, the following agreements related to short PUCCH were made [4], [5]:
Agreements: [4]
· For a given UCI payload, short-PUCCH is designed such that:
· UE multiplexing capacity can be less than that of long-PUCCH
· Performance including at least the following:
· Frequency-diversity
· Interference-diversity
· PAPR/CM and emission
· RS overhead
· Interference randomization should be enabled
·  For more than 2 UCI bits, strive for scalable design with short-PUCCH 
Agreements: [5]
· 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.
Agreements: [5]
· For 1-symbol short PUCCH with > 2 UCI bits, the following is supported for the agreed Option 1:
· QPSK for UCI
· X1 to X2 PRBs can be configured to support various UCI payload sizes
· Both localized (contiguous) and distributed (non-contiguous) allocations are supported 
· FFS: detailed PRB allocations and signaling of the configuration
· FFS: values of X1, X2
· DMRS overhead: down-select among the following options:
· Option 1: one value (e.g., 1/2, 1/3, 1/4, 1/5, …)
In this contribution, we focus on the short PUCCH format for UCI payloads from a few bits to at least tens of bits. We provide details related to short PUCCH design and short PUCCH format for small payload in companion contributions [6], [7].
2	Discussion
2.1. 	On short PUCCH resource allocation
It was agreed in RAN1 #78bis that “In frequency-domain, a PRB (or multiple PRBs) is the minimum resource unit size for UL control channel.” One approach is to define a specific short PUCCH resource unit to simplify PRB configuration for short PUCCH:
· Short PUCCH transmission covers one or more short PUCCH resource units 
· Each resource unit consists of M RBs during one OFDM symbol.
· Resources units are allocated on M RB grid 
· M RBs can be mapped in the same or different symbols.  
· Frequency hopping on short PUCCH can be seen as a special case of distributed allocation where M RBs are mapped in different symbols 
A set of short PUCCH resources are higher layer configured to the UE in terms of short PUCCH resource units and the used PUCCH resource is signalled via DCI to the UE with ARI mechanism, as discussed in more detail in a companion contribution [8].   
2.2. 	DMRS overhead
One of the open items on short PUCCH design is the DMRS overhead for UCI payload of more than 2 bits. We investigated the performance of different DMRS overheads by means of link simulations in EPA channel, v=3 km/h. Simulation parameters are given in Table 1 in Appendix. The simulated payloads were 8/12/16 UCI bits + 8 CRC bits. DMRS overheads of 1/2 1/3, 1/4 and 1/6 were simulated. Results are shown in Figure 1 and Figure 2 for 2-symbol short PUCCH with 4 PRB and 8 PRB distributed allocations, respectively.
DMRS overheads of 1/3 and 1/4 can be seen to provide similar performance for 1% BLER with 4 PRB allocation, and to outperform 1/2 and 1/6 DMRS overheads. With 8 PRB allocation, reaching 1% BLER at lower SNR than with 4 PRB allocation, 1/3 DMRS overhead can be seen to provide slightly better performance than 1/4 DMRS overhead. Based on the results, we propose that DMRS overhead of 1/3 is used with short PUCCH carrying more than 2 UCI bits. Excluding the special case of 1-2 bit UCI payload, we do not see need to support multiple DMRS patterns/overheads depending on the UCI payload for the sake of design simplicity and due to expected minor benefits achievable with multiple DMRS patterns.   
Proposal #1: Each resource block contains 4 REs for DMRS and 8 REs for UCI. 
[image: ][image: ]
a) b)
Figure 1. Short PUCCH BLER vs SNR for different DMRS overheads and UCI payloads.
2.3. 	UCI encoding on 2-symbol PUCCH
One of the open items on short PUCCH design is how to encode UCI in the case of 2-symbol PUCCH. In RAN1#88bis, 3 different options were identified:
· 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.
When considering UCI payload of tens of bits on 2-symbol PUCCH, we can expect configurations where code rate, when calculated for single OFDM symbol, remains relatively high for control signal. In such cases Option 1-2 provides further coding gain over option 1-1. Due to this performance gain, we propose adaptation of Option 1-2.   
We see that the RAN1#88bis agreement [5] that two short PUCCHs can be transmitted from one UE on the same slot in TDM manner provides sufficient support for option 2. If there is a concrete need to signal different UCI on different symbols, e.g. due to UCI latency aspects, it is better to use the multiplexing of two separate short PUCCHs than to complicate the design of 2-symbol short PUCCH with an additional UCI mapping option.     
Proposal #2: Support Option 1-2 for 2-symbol short PUCCH with UCI payload more than 2 bits (UCI is encoded and the encoded UCI bits are distributed across the symbols)
2.4. 	Transmit diversity
Short PUCCH payload may be only few bits and, correspondingly, resource allocation only some PRBs, e.g. 4 PRBs. Further, distributed allocation may be applied to benefit from frequency diversity. As consequence, there may be only e.g. 2 PRBs allocated continuously to UE. This is quite narrow allocation for one-port transmit diversity schemes like precoder cycling to provide transmit diversity without leading to significant loss on channel estimation. Instead, we see SFBC as a natural transmit diversity option also for short PUCCH at least for UCI payloads >2 bits. It provides also a scalable solution for both 1-symbol and 2-symbol scenarios. 
Proposal #3: SFBC is considered for short PUCCH transmit diversity.  
3	Conclusions
In this contribution we have investigated short PUCCH design aspects for new radio in the scenario with UCI payload of few bits to at least tens of bits. Based on the discussion and simulation results, we make the following proposals:
Proposal #1: Each resource block contains 4 REs for DMRS and 8 REs for UCI. 
Proposal #2: Support Option 1-2 for 2-symbol short PUCCH with UCI payload more than 2 bits (UCI is encoded and the encoded UCI bits are distributed across the symbols)
Proposal #3: SFBC is considered for short PUCCH transmit diversity.  
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Appendix – Simulation Parameters
Table 1. Simulation parameters
	Parameter
	Value

	Number of Tx antennas
	1

	Number of Rx antennas
	2

	Modulation
	QPSK

	Channel
	EPA, 3 km/h

	Carrier bandwidth
	20 MHz

	Carrier frequency
	4 GHz

	Channel estimation method
	MMSE

	DMRS / UCI multiplexing
	FDM

	DMRS overhead
	1/2, 1/3, 1/4, 1/6

	Channel coding
	TBCC

	Number of coded Bits
	8/12/16 bits + 8 bit CRC

	Subcarrier spacing
	30 kHz

	Number of short PUCCH symbols
	2

	PRBs
	4, 8

	Resource allocation
	Clustered CP-OFDM

	Cyclic Prefix length
	2.4 us
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