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Introduction
The following agreements were made during the last meeting for long PUCCH [1]:
Agreements:
· 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.

In this contribution we discuss our view on the design of long PUCCH for small payload size considering the direction taken place in the last meeting.
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With respect to the design principles for the long PUCCH, we discussed in our previous contribution [2] that it is desirable not to have spreading in time. The motivation is that due to the flexible frame structure of NR the time duration of an UL transmission in an UL slot can vary (e.g.NR defines different slot lengths, UL heavy or UL only slots, extended cyclic prefix), not considering this fact may lead to even more PUCCH formats. We propose to design long PUCCH agnostic w.r.t. to number of UL OFDM symbols. PUCCH should not rely on block-spreading across OFDM symbols for multiplexing but instead on multiplexing per symbol.
However, in prior discussions in 3GPP, a goal to have as much multiplexing capacity as LTE at least for one format has been discussed. Considering the added flexibility in NR, having the same multiplexing capacity is strictly not necessary. However, it is fine to consider this since this is being desired only for 1-2 bits. We would also like to minimize the number of formats unless there is any significant benefit to adding more. This aspect is discussed more in our companion contribution [3].  Therefore, we would like to have one PUCCH format similar to 1a/1b for 1-2 bits with its multiplexing capacity and performance depending on the length of the long PUCCH and one additional format for 1-100s of bits.
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 as shown in Figure 1. As shown in Figure 1, these two parameters impact the multi-user multiplexing capacity of the long PUCCH. 
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[bookmark: _Ref481667692]Figure 1: Description and illustration of the Long PUCCH format for 1-2 UCI bits for different number of PUCCH symbols and different number of DMRS. The corresponding multi-user capacity is shown as well. 
As it is illustrated in Figure 1, there are cases that multiple choices exist for the number of symbols occupied by DMRS. Each choice results in probably a different limit for multiplexing capacity and also impacts the performance differently. To have a better understanding on how these parameters are inter-related and impact the PUCCH performance, we present next the link level performance of the long PUCCH for variable length of PUCCH, as well as different number of DMRS symbols when 1 or 2 bits ACK/NACK where the combinations illustrated in Figure 1 are used as the reference. Further simulation assumptions are provided in Table 1. The corresponding operating SNR for different combination of number of DMRS for different size of long PUCCH is shown in Figure 2.
[bookmark: _Ref481694284]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 and 2

	Channel model
	TDL-A 300 ns, TDL-B 1000 ns

	UE speed
	3 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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[bookmark: _Ref481694548]Figure 2: The operating SNR vs the number of symbols in the long PUCCH for 1 or 2 UCI bits and various number of DMRS symbols in the long PUCCH transmission and single user case. The right and left plots correspond to TDL-A 300ns and TDL-B 1000ns channel models, respectively.
Based on these results we can propose the following for the DMRS density for different durations of long PUCCH which is also illustrated in Figure 3. 
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[bookmark: _Ref481697925]Figure 3: illustration of the proposed structure for the long PUCCH for 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. Block spreading is used for consecutive DM-RS symbols. 
· The DM-RS symbols are evenly distributed across the frequency hops.
· A 4 to 5 symbols long PUCCH contains 2 DM-RS symbols.
· A 6 to 11 symbols long PUCCH contains 4 DM-RS symbols.
· A 12 to 14 symbols long PUCCH contains 6 DM-RS symbols.
· The data symbols are formed as the following:
· The modulated UCI bit(s) is multiplied to a cyclic shift of a base sequence which is block-spread over symbols in the same frequency hop.
· 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. Block spreading is used for consecutive DM-RS symbols. 
· The DM-RS symbols are evenly distributed across the frequency hops.
· A 4 to 5 symbols long PUCCH contains 2 DM-RS symbols.
· A 6 to 11 symbols long PUCCH contains 4 DM-RS symbols.
· A 12 to 14 symbols long PUCCH contains 6 DM-RS symbols.
· The data symbols are formed as the following:
· The modulated UCI bit(s) is multiplied to a cyclic shift of a base sequence which is block-spread over symbols in the same frequency hop.
· User multiplexing is supported by CDM.
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TDL-A 300 ns channel model
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TDL-B 1000 ns channel model
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