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Introduction
The following agreements were made during the last meetings for long PUCCH [1][2]:
Agreements[1]:
· For long duration NR-PUCCH in a given slot, FFS the detailed NR PUCCH formats. Companies are encouraged to provide the corresponding details. 
· Some examples as a starting point:
· For small UCI payload with 1 or 2 bit(s), LTE PUCCH 1a/1b especially in light of # of symbols available for NR-PUCCH
· FFS: Time domain OCC is applied over allocated multiple symbols.
· For large UCI payload with X bits, LTE PUCCH format 4, or PUSCH
· FFS on applicability of (virtual) frequency domain OCC
· FFS for the value of X
· FFS for medium UCI payload with less than X bits
· Scalability of NR-PUCCH for different number of symbols available for NR-PUCCH
· The set of the number of symbols for long duration NR-PUCCH in a slot includes {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}
· FFS whether or not it depends on the slot type, # of symbols per slot, etc.

Agreements [2]:
· Long duration NR-PUCCH for up to 2 bits in a given slot is composed as the followings:
· HARQ ACK by BPSK or QPSK modulation is repeated in time domain and multiplied with sequence(s)
· FFS: pi/2 BPSK usage
· Two states SR is based on on-off-keying
· Time domain OCC can be applied over multiple UCI/DMRS symbols per frequency hop

Agreements [2]:
· NR supports following long-PUCCH:
· One PUCCH format for UCI with up to 2 bits with high multiplexing capacity
· One PUCCH format for UCI with large payload with no multiplexing capacity
· FFS: One PUCCH format for UCI with moderate payload with some multiplexing capacity
· Note: this could be a variation of one of the former PUCCH formats.
Agreements [2]:
· Study whether to support frequency re-tuning within a slot for PUSCH or for PUCCH in the Rel.15 NR.
· More specifically, investigate the impact of frequency-hopping for PUSCH or for PUCCH for a given slot, i.e., intra-slot hopping, within a certain bandwidth or across bandwidth
· The certain bandwidth is maximum UE transmission bandwidth capability.

In this contribution, we discuss our view on the design of long PUCCH for 1-2 UCI bits.
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It was agreed in the last meeting to base the design of long PUCCH for 1-2 UCI bits based on PUCCH Format 1/1a/1b to enable high multiplexing capacity. LTE supports PUCCH Format 1/1a/1b for payload sizes 1 and 2 bits which enables multiplexing of up to 36 users. For NR, it has been agreed to configure ACK/NACK resources by higher layers and indicate one out of these resources using the DCI; it is doubtful whether an ACK/NACK resource indicator (ARI) would address up to 36 resources. Furthermore, multiplexing of 36 PUCCH Format 1/1a/1b transmissions onto the same time-frequency resource is in practice often limited by interference and hence the realistic multiplexing capacity is expected to be reduced. 
Assuming the design of NR long PUCCH for 1-2 UCI bits is based on the LTE PUCCH Format 1/1a/1b which relies on time-domain block spreading across DFTS-OFDM symbols, to enable variable length long PUCCH has an impact on the time-domain block-spreading codes as well as DMRS positions. In our previous contribution [3] in the previous meeting.  we have shown that the PUCCH format as illustrated in Figure 1 with consecutive DM-RS symbols per hop, provides the minimum required SNR. We refer to this structure of long PUCCH as Option A. However, we have investigated a different arrangement of the DM-RS position for the long PUCCH as illustrated in Figure 2. In this arrangement, referred to as Option B, a fixed position in time domain for the DMRS symbols, e.g. every even indexed symbol as shown in considered. Moreover, time domain OCC is applied over UCI symbols as well as data symbols to increase the multi-user capacity in both options. We clearly observe that both schemes provide the same user multiplexing capacity.
· Option A: Long PUCCH for 1-2 UCI bits based on LTE PUCCH format 1/1a/1b with DMRS on consecutive symbols per hop with time domain OCC on UCI and DMRS symbols when applicable.
Option B: Long PUCCH for 1-2 UCI bits based on LTE PUCCH format 1/1a/1b with DMRS on every other symbols with time domain OCC on UCI and DMRS symbols when applicable.
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[bookmark: _Ref481697925]Figure 1: Option A - Structure of the long PUCCH for 1-2 UCI bits with consecutive DMRS symbols per hop leg with OCC in time domain when applicable. PUCCH ends at the slot boundary as an example for simplifying illustrations.
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[bookmark: _Ref485351382]Figure 2: Option B - Structure of the long PUCCH for 1-2 UCI bits with alternate DMRS symbols per hop leg with OCC in time domain when applicable. PUCCH ends at the slot boundary as an example for simplifying illustrations.
We present next the link level performance of the long PUCCH for these two arrangement of DMRS symbols using the simulation assumptions are provided in Table 1 in Appendix. 
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[bookmark: _Ref485375741]Figure 3: BLER performance of long PUCCH based on Option A and Option B for 1 bit UCI and 7 and 14 symbols PUCCH, assuming TDL-C channel model with delay spread of 300ns and 1000ns and single UE at 3 km/h. 
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[bookmark: _Ref485375743]Figure 4: BLER performance of long PUCCH based on Option A and Option B for 1 bit UCI and 7 and 14 symbols PUCCH, assuming TDL-C channel model with delay spread of 300ns and 1000ns and single UE at 500 km/h.  
Figure 3 and Figure 4 compare the BLER performance of long PUCCH for transmission of 1 UCI bit using Option A and Option B for two different size of PUCCH. The performance is examined under different channel conditions and UE speeds. It seems both options with respect to the delay spread perform almost the same. However at high UE speed, the results clearly indicate that Option A is outperformed by Option B while both provide similar performance at low speed. Based on these results, we can propose to adopt Option B for the design of long PUCCH, to ensure a robust long PUCCH design even at high speeds. In addition, Option B offers simpler structure where the position of the DMRS symbols are fixed in the slot.
Proposals:
· For a long PUCCH with 1-2 UCI bits:
· Frequency hopping is supported.
· The DM-RS symbol(s) are formed as the following:
· DM-RS for a PUCCH is a cyclic shift of a base DM-RS sequence. The base DM-RS sequence length covers all subcarriers in a PRB. Time-domain OCC is used for DM-RS symbols per hop when applicable. 
· The DM-RS symbols are positioned on even indexed symbols with reference to symbol 0 at the slot boundary.
· The data symbols are formed as the following:
· The modulated UCI bit(s) is multiplied to a cyclic shift of a base sequence. Time-domain OCC is used for data symbols per hop when applicable. 
· User multiplexing is supported by CDM.

Conclusion
In this contribution based on the analysis and performance evaluation we proposed the following design for a long PUCCH signal carrying 1-2 UCI bits.
Proposals:
· For a long PUCCH with 1-2 UCI bits:
· Frequency hopping is supported.
· The DM-RS symbol(s) are formed as the following:
· DM-RS for a PUCCH is a cyclic shift of a base DM-RS sequence. The base DM-RS sequence length covers all subcarriers in a PRB. Time-domain OCC is used for DM-RS symbols per hop when applicable. 
· The DM-RS symbols are positioned on even indexed symbols with reference to symbol 0 at the slot boundary.
· The data symbols are formed as the following:
· The modulated UCI bit(s) is multiplied to a cyclic shift of a base sequence. Time-domain OCC is used for data symbols per hop when applicable. 
· User multiplexing is supported by CDM.
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[bookmark: _Ref485351551]Table 1: Link level simulation parameters
	Parameter
	Value

	Performance metric
	NACK-to-ACK error probability ≤ 0.1%
ACK-miss detection probability ≤ 1%
DTX-to-ACK probability ≤ 1%

	Number of users
	1

	Number of ACK/NACK bits
	1

	Channel model
	TDL-C 300 ns, TDL-C 1000 ns

	UE speed
	3 km/h, 500 km/h

	Number of PRBs
	1

	Carrier frequency
	4 GHz

	Subcarrier spacing
	15 kHz

	BS antenna configuration
	2 RX, uncorrelated

	UE antenna configuration
	1 TX

	Disturbance
	AWGN (no inter-cell interference)

	Channel estimation
	Realistic

	Noise estimation
	Ideal
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