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

[bookmark: _Hlk489372542][bookmark: _Hlk489372762]Agreements:
· For a long PUCCH with up to 2 bits UCI:
· Working assumption:
· DMRS always occurs in every other symbols in the long PUCCH
· FFS: even or odd symbols
· The working assumption can be revisited if an issue is found in terms of transient period.
Agreements:
· The DMRS symbol(s) are formed as follows:
· DMRS for a PUCCH is a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· Note: The data symbols are formed as the following:
· The modulated UCI bit(s) is multiplied with a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· BPSK and QPSK modulations for 1 and 2 UCI bits, respectively.
· Note: The usage of OCC for DMRS and UCI symbols is effectively disabled for differentiation of the users that are assigned with the same OCC.
Agreements:
· For a long PUCCH in a slot,
· At most one hop for the long PUCCH is supported.
· FFS: details

In this contribution, we discuss our view on the remaining issue for the design of long PUCCH for 1-2 UCI bits.
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On the placement of DMRS symbols:
In the last meeting, good progress has been achieved on the structure of long PUCCH for transmission of small payloads. There has been discussion on the placement of the DMRS symbols within a long PUCCH focusing on two categories, namely as localized or alternate distribution of DMRS symbols within a long PUCCH. The group reached to a consensus to consider the alternate distribution as the working assumption due to the concern raised on the possible impact related to transient period. 
It is claimed [2] that a localized distribution is beneficial with respect to the transient period. In our best guess, the concern could be related to the frequency hopping where a DMRS symbol in the alternate distribution would be located at the hopping boundary and due to the transient period the corresponding channel estimation would be possibly affected. From our point of view, in general the NR design should be based on an improved hardware as compared to LTE such which implies that the requirements on the transient period could be lowered in principle. Hence the severity of the transient period impact on the performance should be considered with a mindset of a more capable NR hardware as compared to LTE. Having said that, even if there is an impact due to the transient period, the UCI symbols would be affected in a localized distribution of the DMRS symbols and it is not clear if that is of a less importance. 
Most importantly, as discussed in our previous contribution [3], the long PUCCH for small payload should be designed as the most robust PUCCH scheme which implies that it should be able to perform well even in challenging channel conditions such as high speed deployments. An alternate distribution of the DMRS symbols provides more reliable channel estimation which is essential to provide a good coverage for the uplink control channel in poor channel conditions as shown in our previous contribution [3]. Moreover, the alternate distribution of the DMRS symbols provides a more flexible and scalable design with respect to the different durations or the hopping occasions of PUCCH. Therefore, we strongly recommend confirming the working assumption and consider the alternate placement of the DMRS symbols in the long PUCCH with up to 2 bits.
Considering an alternate distribution of the DMRS symbols, whether they occur on even or odd indexed symbols of a long PUCCH is still an open issue. From our point of view, the performance of the long PUCCH for short payloads under any of these two arrangements would be comparable. However, a design based on the placement of DMRS on even indexed symbol has an advantage which allows more decoding time for HARQ feedback due to starting he PUCCH with DMRS symbol. Therefore, among the two option we propose to choose the even indexed long PUCCH for the placement of the DMR symbols. 
Based on the discussion above, we propose the following: 

Proposal:
· For a long PUCCH with up to 2 bits UCI:
· DMRS always occurs in even indexed symbols in the long PUCCH
· Note: The long PUCCH starts with symbol index 0.

On frequency hopping:
As agreed, in case of frequency hopping, only one hop is supported for a long PUCCH. However, the location of the hop is not yet agreed. A long PUCCH can be consists of 4 to 14 symbols which implies that a long PUCCH can consist of even or odd number of symbols. To maximize the benefit from frequency hopping irrespective of channel conditions it is reasonable to have a symmetric length on hops as much as possible. This implies that in case of frequency hopping for a long PUCCH with even number of symbols, the hopping should occur in the middle of the PUCCH while for a long PUCCH with odd number of symbols, one hop would be one symbol longer than the other hop. There is not much difference whether the first hop is longer or the second one. However, it is argued that in case that a long PUCCH should occasionally be punctured at the end for a triggered transmission like SRS, it would be beneficial to have the second hop one symbol longer.
Based on the above discussion we propose the following:

Proposal:
· For a long PUCCH with up to 2 bits UCI and a duration of N consecutive symbols within a slot:
· If an intra-slot frequency hopping is enabled, the number of symbols in the first and second hops are floor(N/2) and ceil(N/2), respectively.


On multi-user multiplexing capacity:
The multiplexing capacity is determined by the number of cyclic shifts and number of OCC in time domain. However, the number of OCC is determined as the minimum number of DMRS and UCI symbols in each hop. 
Figure 1 illustrates examples of long PUCCH with 4 to 14 symbols with frequency hopping and Table 1 provides the detailed information on calculation of the corresponding multi-user capacity. 
Although one should aim to benefit from diversity by frequency hopping when possible, there can as well be situations that the diversity gain by frequency hopping would be quite limited. Moreover, especially for long PUCCH of duration up to 7 symbols the cases without frequency hopping as illustrated in Figure 2 are of interest. In this case, as shown in Table 2 the multiplexing capacity can be increased.
Based on the discussion above, it is clear that the multiplexing capacity depends on the duration of the PUCCH and whether the frequency hopping is enabled or not. However, it is up to gNB which OCC code or cyclic shift should be assigned to a UE as discussed in our companion contribution [4]. Having said that when long PUCCH transmission of multiple UEs are CDMed within a slot, it is efficient that the all use the same duration of long PUCCH as illustrated in Figure 3. The reason is having unequal duration of PUCCH results in increased and uneven intra-cell and inter-cell interference which deteriorates the system performance. Therefore, we propose the following:
Proposal:
· The long PUCCH transmissions from different UEs on the same time-frequency resource within a slot should have the same duration.
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[bookmark: _Ref489383785][bookmark: _GoBack]Figure 1: Frequency hopped PUCCH for 1-2 UCI bits with DMRS (marked red) and UCI (marked blue) in even and odd indexed symbols of the long PUCCH, respectively. The number of PUCCH symbols is denoted by N. PUCCH ends at the slot boundary as an example for simplifying illustrations.

[bookmark: _Ref489384328]Table 1: Multiplexing capacity (NUE) for long PUCCH for 1-2 UCI bits with frequency hopping as shown in Figure 1. The number of PUCCH symbols is denoted by N. The length of the OCC and the number of available OCC for DMRS symbols in a hop are denoted by NDMRS and KDMRS, respectively. The length of the OCC and the number of available OCC for UCI symbols in a hop are denoted by NUCI and KUCI, respectively.
	PUCCH duration
N
	Multiplexing capacity
NUE
	First hop
	Second hop

	
	
	(NDMRS, KDMRS)
	(NUCI, KUCI)
	(NDMRS, KDMRS)
	(NUCI, KUCI)

	4
	12
	(1,1)
	(1,1)
	(1,1)
	(1,1)

	5
	12
	(1,1)
	(1,1)
	(2,1)
	(1,1)

	6
	12
	(2,1)
	(1,1)
	(1,1)
	(2,1)

	7
	12
	(2,1)
	(1,1)
	(2,1)
	(2,1)

	8
	24
	(2,2)
	(2,2)
	(2,2)
	(2,2)

	9
	24
	(2,2)
	(2,2)
	(3,2)
	(2,2)

	10
	24
	(3,2)
	(2,2)
	(2,2)
	(2,2)

	11
	24
	(3,2)
	(2,2)
	(3,2)
	(3,2)

	12
	36
	(3,3)
	(3,3)
	(3,3)
	(3,3)

	13
	36
	(3,3)
	(3,3)
	(4,3)
	(3,3)

	14
	36
	(4,3)
	(3,3)
	(3,3)
	(4,3)
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[bookmark: _Ref489383801]Figure 2: PUCCH for 1-2 UCI bits with DMRS (marked red) and UCI (marked blue) in even and odd indexed symbols of the long PUCCH, respectively without frequency hopping. The number of PUCCH symbols is denoted by N. PUCCH ends at the slot boundary as an example for simplifying illustrations.



[bookmark: _Ref489385330]Table 2: Multiplexing capacity (NUE) for long PUCCH for 1-2 UCI bits without frequency hopping as shown in Figure 2. The number of PUCCH symbols is denoted by N. The length of the OCC and the number of available OCC for DMRS symbols are denoted by NDMRS and KDMRS, respectively. The length of the OCC and the number of available OCC for UCI symbols are denoted by NUCI and KUCI, respectively.
	PUCCH duration
N
	Multiplexing capacity
NUE
	(NDMRS, KDMRS)
	(NUCI, KUCI)

	4
	24
	(2,2)
	(2,2)

	5
	24
	(3,2)
	(2,2)

	6
	36
	(3,3)
	(3,3)

	7
	36
	(4,3)
	(3,3)
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[bookmark: _Ref489391829]Figure 3: Illustrative example of long PUCCH transmissions from two UEs, UE1 in bad coverage (the blue coloured) and UE2 in good coverage (yellow coloured). 
Conclusion
In this contribution, we discussed the remaining issues on the design of long PUCCH for 1-2 bits UCI and proposed the following:
Proposals:
· For a long PUCCH with up to 2 bits UCI:
· DMRS always occurs in even indexed symbols in the long PUCCH
· Note: The long PUCCH starts with symbol index 0.

· For a long PUCCH with up to 2 bits UCI and a duration of N consecutive symbols within a slot:
· If an intra-slot frequency hopping is enabled, the number of symbols in the first and second hops are floor(N/2) and ceil(N/2), respectively.

· The long PUCCH transmissions from different UEs on the same time-frequency resource within a slot should have the same duration.
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(a) Not recommended PUCCH transmission from UE1 (blue) and UE2 (yellow)

(b) Recommended PUCCH transmission from UE1 (blue) and UE2 (yellow)
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