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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN1 meeting [1] [2] [3], uplink control channel design was discussed and the following was agreed for short PUCCH for UCI of more than 2 bits:
Agreements:
· For short-PUCCH for UCI of more than 2 bits
· Only contiguous PRB allocation within a symbol is supported in release-15
· In addition to RRC configuration, the number of PRBs can be additionally determined based on the following:
· As a function of UCI payload size 
· Dynamic indication via DCI
· FFS the detailed determination method
· FFS the set of supported PRBs
Agreements:
· For short-PUCCH for UCI of more than 2 bits, the LTE PN sequence generator is used for scrambling of the encoded bits and generation of DM-RS for the PUCCH
· Note: can be revisited if new Gold sequences are introduced
Agreements:
· Simultaneous transmission of HARQ-ACK bits and CSI feedback with/without SR with PUCCH format 2 is supported by RRC configuration
· FFS details
· There is no additional RRC signaling involved in regarding how encoding is done for CSI/HARQ-ACK/SR
· Note that whether some UCI is dropped or not is not considered as part of the encoding in the above bullet
Agreements:
· Type I CSI feedback is supported for P/SP/A-CSI and can be carried on either one of PUCCH and PUSCH

In this contribution, the number of PRBs within one symbol short PUCCH is discussed adequately and a method to determine the number is also introduced. Furthermore, how to transmit HARQ-ACK and CSI simultaneously is considered.
[bookmark: _Ref485310997]Transmission on multiple PRBs 
Number of PRBs
Based on the agreement of [2], the number of PRBs of short PUCCH is configurable and could additionally be determined by the DCI and/or the UCI payload size. Generally, different UCI have different reliability requirements, which requires different code rates. For example, CSI may not need a code rate as low as that of HARQ-ACK. In order to determine the relationship between number of PRBs and payload size. Link level simulation is performed and the simulation assumptions are attached in Appendix. We assume that the transmit power is fixed for all settings, i.e., the EPRE will become larger for a smaller bandwidth.
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[bookmark: _Ref497385243]Figure 1. Comparison of BLER for 8 and 16 RB allocations for different payload sizes on a TDL-C (300 ns) channel with 3 km/h mobility and 1 TX/ 2 RX antennas.
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(a) [bookmark: _Ref497385553]                                                                                                  (b)
[bookmark: _Ref497398866][bookmark: _Ref497385741]Figure 2. Comparison of BLER for 4, 8 and 16 RB allocations for different payload sizes on a TDL-C (300 ns) channel with 3 km/h mobility and 1 TX/ 2 RX antennas. 

[bookmark: _Ref497385834][bookmark: _Ref497398878][bookmark: _Ref497398887]Table 1. SNR operation points at 1% BLER.
	Number of PRBs
	SNR operation point [dB]

	
	4 bits
	8 bits
	12 bits
	20 bits
	40 bits
	60 bits

	4 
	4.6 
	7.4 
	8.7
	10.7 
	-
	-

	8
	3.6 
	6.3 
	7 
	8.9 
	13.4 
	15.8 

	16
	2.5 
	5.2 
	5.9 
	7.6 
	11.3 
	13.1 


[bookmark: _Ref497388179][bookmark: _Ref497398947]Table 2. Effective code rate. 
	Number of PRBs
	Code Rate

	
	4 bits
	8 bits
	12 bits
	20 bits
	40 bits
	60 bits

	4
	0.0625
	0.125
	0.234375
	0.359375
	-
	-

	8
	0.03125
	0.0625
	0.117188
	0.179688
	0.398438
	0.554688

	16
	0.015625
	0.03125
	0.058594
	0.089844
	0.199219
	0.277344



According to Figure 1 and 2, the SNR operation points for different number of PRBs are summarized in Table 1 and Table 2 contains the correspondence effective code rate considering the CRC lengths as given in the Appendix.
Observation 1: For the same payload size, increasing the number of PRBs brings significant SNR gain.
The gain could stem from three parts. First, the code block becomes longer which will introduce a coding gain. Second, more PRBs occupies wider frequency band which could provide frequency diversity gain. Third, if there is a constraint on the EPRE, more PRBs could allow transmitting more power which introduces energy gain. While in order to exclude the energy influence, all of above results are normalized to have fixed transmit power and thus the third part is not accounted for here.
Observation 2: When the code rate is very low, e.g. 1/8, doubling the number of PRBs still brings a considerable gain.
When the code rate is low, additional decrease of the code rate may not bring further substantial coding gain. If more PRBs are occupied, the code rate will be lower, but a considerable gain is still possible, for example for the code rates in red in Table 2. That is because more PRBs will benefit from frequency diversity and extra diversity gain is achieved.
However, allocating more PRBs will occupy more frequency resources, which is a trade-off between extra gain and overhead. For some scenarios or services, for example, when the channel conditions are extremely bad or the UE sends large amount of uplink control information (e.g., due to massive data amount in the downlink) in very short duration, more PRBs are needed.
On the other hand, according to the agreement of [1], periodic CSI could be carried on short PUCCH. In the WF of RAN1 NR Adhoc 3, short PUCCH is agreed to only use wideband and partial band CSI reporting [4]. In our companion contribution [3], wideband CSI of Type I codebook are calculated. For wideband Type I MP CSI reporting (mode 1-1), a maximum of 26 bits are to be reported. Assuming code rate is 1/5, 26 bits CSI need at least 9 PRBs. Meanwhile, considering multiple carriers aggregation situation, as many as 16 CCs have been agreed to be supported. From this point, a maximum of 8 PRBs as in LTE PUCCH format 4 is obviously not enough for transmitting CSI.
Proposal 1: 1 to 16 PRBs should be supported in PUCCH format 2.
Allocation of PRBs
According to the agreement [1], the number of PRBs will be configured by the gNB semi-statically through RRC signaling. RRC signaling allocates a set of PRBs for the UE. This set could include the number of PRBs as well as the frequency position of the PRBs. The actually used PRBs can then be dynamically selected from this set. One alternative is that the gNB indicates the number of PRBs (including the PRB positions) by DCI. This allows the gNB to have full control of the resource allocation and to adapt the code rate to the UCI type as well as the channel conditions and the SNR.  Another alternative is to pre-define a mapping between the UCI payload and the number of PRBs in the specification and let the UE determine the resource allocation without any DCI indication. However, we are not in favor of this alternative since it is less flexible and cannot adapt the code rate to the channel conditions. The gNB should have means to control the PUCCH resource allocation for specific channel situation and scenarios.  
Proposal 2: In addition to RRC configuration, the number of PRBs is indicated by the DCI.
Multiplexing of UCI
In the RAN1 #90bis meeting, it has been agreed that HARQ-ACK and CSI can be transmitted simultaneously. In LTE, simultaneous transmission can be enabled or disabled by UE specific higher layer signaling. If UE transmits HARQ-ACK on the PUCCH in the subframe which has been allocated for CSI report and simultaneous HARQ-ACK and CSI is disabled, the CSI report is dropped. In NR, this mechanism could be reused, but the specific multiplexing method when simultaneous transmission is enabled should be discussed. 
If CSI and HARQ-ACK are encoded separately, the exact code length should be notified for each one of them. It may not be simple for gNB to allocate exactly right resource for each kind of information. What’s more, it will need extra signaling. Therefore, due to the design complexity, ACK/NACK and CSI should be jointly encoded and then be mapped to the PRB. 
Scrambling
In the RAN1 #90bis meeting, LTE PN sequence generator is agreed to be used for scrambling the encoded bits and generating the DM-RS for PUCCH. In NR, PN sequence can be initialized as following:

  is C-RNTI and indicates specific UE. is a configurable ID and  is the slot index. The reason why slot index  is taken modulo by 20 is because in last Spec. 38.211, Table 4.3.2-1, the slot number may expand to 320. This will cause  larger than  regardless of how many bits of configurable ID.
Furthermore, randomizing the interference of different UEs, new Gold sequence may not introduce extra benefit, and design of a new Gold sequence may take extra efforts.
Proposal 3: LTE Gold sequence is used for scrambling UCI in short PUCCH format 2 and no new Gold sequence is introduced.
Conclusion
Based on above discussions, the following observation and proposal are given. 
Observation 1: For the same payload size, increasing the number of PRBs brings significant SNR gain
Observation 2: When the code rate is very low, e.g. 1/8, doubling the number of PRBs still brings a considerable gain.
Proposal 1: 1 to 16 PRBs should be supported in PUCCH format 2.
Proposal 2: In addition to RRC configuration, the number of PRB is indicated by the DCI.
Proposal 3: LTE Gold sequence is used for scrambling UCI in short PUCCH format 2 and no new Gold sequence is introduced.
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Appendix
[bookmark: _Ref485132911]Table 4. Simulation Parameters for 1 Symbol PUCCH
	Parameter
	Value

	Carrier Frequency
	4 GHz

	System bandwidth
	20 MHz

	Subcarrier spacing
	15 kHz

	No. of OFDM Symbol
	1

	No. of subcarriers per PRB
	12

	Number of PRBs 
	4, 8,16 RBs

	Overhead of DMRS 
	1/3

	antenna configuration
	1Tx * 2Rx

	Channel model
	TDL-C (300 ns) 

	UE velocity
	3 km/h

	Number of UEs 
	1 UE

	Payload size
	4, 8, 12, 20, 40, 60 bits

	CRC size
	3 bits for 12, 20 bits payload,
11 bits for 40, 60 bits payload

	Modulation
	QPSK

	Channel coding
	Polar

	Performance metric
	Required SNR for BLER of 1 %
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Comparison of 8RBs and 16RBs in Fixed Power
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