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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
Regarding the design of short NR-PUCCH with more than 2 bits UCI payload, the following agreements and working assumptions were made during the meeting of RAN1 90bis [1]:
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

In this contribution, we make link level simulations for 1-symbol NR-PUCCH with more than 2-bit UCI payload, and present our view based on the simulation results. In addition, remaining issues on short PUCCH with more than 2-bit UCI are also discussed.
2. [bookmark: OLE_LINK12]PUCCH structure
IFDMA structure for NR-PUCCH more than 2-bit
In our companion contribution [2], we suggest to use IFDMA structure NR-PUCCH to multipex different PUCCH or PUCCH and SRS. Figure 1 shows three different multipelxing manners for PUCCH with more than 2bits and PUCCH with more than or up to 2bits. The first one is FDMed which have no multiplexing within one PRB ; The second is two differnent PUCCH formats multiplex in the manner of comb in where different PUCCH use different combs whatever sequence-based or RS-based PUCCH. For the third one, sequence-based PUCCH is muplexed with RS-based PUCCH and the multiplexing only occuring at the RS position. In other words, sequencce-based PUCCH uses the structures of comb=3, RS-based PUCCH in normal resource mapping way but DMRS will suffer from interference form sequence-based PUCCH.
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Figure 1. Structures 1-symbol NR-PUCCH with more than 2-bit UCI

Link level simulations are conducted to make comparison between the IFDMA structures and without IFDMA from the BER performace point of view.
Evaluation assumptions
· 20bit UCI 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.  8bit UCI by RM code is also simulated for comparison.
· Both localized (contiguous) and distributed (non-contiguous) allocations are simulated. Non-contiguous RBs with largest frequency separation is assumed, i.e., PRBs used for PUCCH are uniformly distributed across whole bandwidth.
· When evaluating the performance of IFDMA structure PUCCH, it is assumed that DMRS tones are whole equally distributed in the frequency domain and the distance between two DMRS tones is same, that is, pattern1 is assumed.
· For PUCCH multiplexing schemes, FDM and IFDMA are simulated. That is, consecutive RE mapped PUCCH within N PRBs and comb PUCCH with 2N PRBs.
· TDL-C with 300ns DS is assumed. 
Simulation results
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Figure 2 The BER performance vs. SNR for 1-symbol PUCCH with/without comb structure, TDL-C 300ns 
2PRBs localized and 4PRBs distributed with comb=2 for 8-bit
3PRBs localized and 6PRBs distributed with comb=2 for 20-bit

From Figure 2, we can observe that  for 1-symbol PUCCH with/without comb structure,
· PUCCH with and without comb structure have similar performance. Specifically, in low UE speed cases, consecutive RE mapped PUCCH outperforms combed PUCCH slightly @ BER=1%, while combed PUCCH outperforms consecutive RE mapped PUCCH slightly @ BER=1% in high UE speed and high delay spread cases
[2] provides an overview on multiplexing of the PUCCH of the following formats when IFDMA strucutre is adopted.
· Short PUCCH up to 2bits
· Short PUCCH with more than 2bits
· Long PUCCH up to 2bits
· Long PUCCH with more than 2bits (moderate payload)
Hence, PUCCH with differnt formats can be allocated within the same PUCCH resources. Besides, it’s simple to multiplex with SRS if IFDMA-like PUCCH is adopted. 
Observation: For short PUCCH with more than 2bit, IFDMA structure PUCCH have similar or silghtly worse BER performance than consecutive mapped PUCCH. 
Considering the flexibility to multiplexing different PUCCH or PUCCH and SRS, it is proposed that,
Proposal 1: In order to multipex different PUCCH or PUCCH and SRS, IFDMA like PUCCH should be consiered 
3. Remaining issues on short PUCCH more than 2bits
3. PRB allocation for short PUCCH with more than 2bits
It’s agreed that at least a few tens of bits (or SR) is assumed for PUCCH in short duration. Thus the UCI carrier by 1-symbol PUCCH will be ranged from 3 to a few ten. On the other hand, to ensure the link performance, the code rate should be kept at an appropriate level. So configurable number of PRBs should be supported for short PUCCH with more than 2-bit UCI. On the number of allocated PRBs for PUCCH format 2, two options were proposed for the PRB allocation, that is,
Option 1: a set of candidates PRBs are configured and depending on the number of UCI bits the UE can assume the proper number of PRBs. 
Option 2: the number of PRBs is determined by a pre-defined rule as a function of UCI payload size in each slot. 
In our opinion, Option 2 is more flexibility is allowed to adjust the coding rates based on the situation and hence decide on the number of PRBs. Hence the UE is not constrained to choose from a limited set. But this is the reason that more resoure are needed to be reserved for PUCCH. Since gNB must ensure that there are enough resources available at any time though there is only a little time that the reserved resources are fully used. In our view,  similar mechanism as that of LTE PUCCH format 4 can be considered. That is, a code rate and multiple different resource sets are configured by high layer signallings, and UE will select one resource set according to its UCI payload and the configured code rate value.
Proposal 2: The PRB allocation mechanism for LTE PUCCH format 4 can be reused for short PUCCH with more than 2-bit UCI.
3. [bookmark: OLE_LINK4]Simultaneous transmission of multiple UCI
1) HARQ-ACK+SR
It was agreed that in case of SR due at the same time with other UCI, the physical layer can only transmit one SR at any given time. if the UE is intended to transmit HARQ-ACK and SR simultaneous with PUCCH format 2. 1bit SR can be appended at end of HARQ-ACK bits and joint encoding can be applied then.
2）HARQ-ACK+CSI+SR
It was agreed that simultaneous transmission of HARQ-ACK bits and CSI feedback with/without SR with PUCCH format 2 is supported by RRC configuration. If UE is configured to transmit HARQ-ACK bits and CSI feedback
Simultaneously, two alternatives can be considered. That is,
Alt 1 : the HARQ-ACK bits are appended with bits of CSI feedback and joint encoding is applied.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Alt 2 : separate encoding is applied for HARQ-ACK and CSI feedback
For Alt 1, it is similar to that of LTE when HARQ-ACK and CSI are transmitted on PUCCH, simultaneously, and is simple to implement. For Alt 2, it is similar to that of LTE when HARQ-ACK and CSI are piggback on PUSCH. Note the fact that HARQ-ACK feedback and the CSI feedback have different BLER/BER targets. To meet the BLER/BER performance requirements of HARQ-ACK bits, Alt 1 may need more resources than Alt 2. Thus it is is desirable to have different coding rate for HARQ-ACK and CSI. For Alt 2, beta_offset mechanism similar to that of UCI piggback on PUSCH without data can be applied, thus UE can separately control the RE allocations between HARQ-ACK and CSI based on their number of bits and beta_offsets where beta_offsets can be interpreted as their weights when calculating the number of allocated REs for HARQ-ACK and CSI. That is, when the UE transmits HARQ-ACK bits or rank indicator bits, it shall determine the number of coded symbols for HARQ-ACK or rank indicator as

[bookmark: _GoBack]where is the number of HARQ-ACK bits, or rank indicator bits,  is the number of CQI bits including CRC bits, is the bandwidth for PUCCH transmission in the current slot expressed as a number of subcarriers, subtractor   within the parenthese equals to the DMRS RE overhead ratio of PUCCH format 2, and is the number of OFDM symbols in the current PUCCH transmission. 
For HARQ-ACK information  and . Specifically, the parameter of  and can be reuse that of UCI piggback on PUSCH. That is, betaOffset-ACK and betaOffset-CSI-part-2, respectively in the table of high layer parameter.  is the maximum code rate for HARQ-ACK. It can be interpreted as the parameter of PUCCH-F2-maximum-coderate in the table of high layer parameter.  denotes the modulation scheme for PUCCH format 2, and is 2 for QPSK.
For rank indication or CRI, ,  and , where  shall be determined according to betaOffset-CSI-part-1. 
For CQI and/or PMI information .
Proposal 3: When simultaneous transmission of HARQ-ACK bits and CSI feedback with/without SR with PUCCH format 2, separate encoding applied for HARQ-ACK and CSI feedback is supported.
· UE separately control the RE allocations between HARQ-ACK and CSI based on their number of bits and beta_offsets
· Reuse beta_offsets values of UCI piggback on PUSCH
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: For short PUCCH with more than 2bit, IFDMA structure PUCCH have similar or silghtly worse BER performance than consecutive mapped PUCCH. 
Proposal 1: In order to multipex different PUCCH or PUCCH and SRS, IFDMA like PUCCH should be consiered. 
Proposal 2: The PRB allocation mechanism for LTE PUCCH format 4 can be reused for short PUCCH with more than 2-bit UCI.
Proposal 3: When simultaneous transmission of HARQ-ACK bits and CSI feedback with/without SR with PUCCH format 2, separate encoding applied for HARQ-ACK and CSI feedback is supported.
· UE separately control the RE allocations between HARQ-ACK and CSI based on their number of bits and beta_offsets
· Reuse beta_offsets values of UCI piggback on PUSCH
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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
	3/120/500 Km/h, TDL-C, 300ns

	Channel estimation
	Ideal MMSE

	Resource allocation
	One/two-OFDM symbol are reserved 

	
	contiguous RBs, non-contiguous RBs with largest frequency separation

	 Control Channel Payload
	8bits, 20bits

	Modulation Scheme
	For 20-bit, QPSK, polar+8bit CRC, Max-log-likehood algorithm
For 8-bit, QPSK, RM code without 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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