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1 Introduction
At the RAN1 #90bis meeting, the following working assumption and agreements were reached on the long duration PUCCH structure:
Working assumption:
· For long-PUCCH for UCI of up to 2 bits, if frequency hopping is enabled, the OCC multiplexing capacity for 7-symbol long PUCCH is 1, and for 11-symbol long PUCCH is 2.

Agreements:
· For long-PUCCH for UCI of up to 2 bits, if frequency hopping is disabled, OCC multiplexing capacity of 2,3,4,5,6,7 are supported.

· For each duration of long PUCCH for UCI of up to 2 bits, there is only one OCC multiplexing capacity

Agreements:
· For long PUCCH, reuse LTE OCC code for OCC length =2,3,4,5

· FFS OCC code for OCC length =6,7

· Note: For long PUCCH for UCI of up to 2 bits,  

· If FH is enabled, support OCC length on DMRS  = number of DMRS symbol in each hop, support OCC length on UCI  = number of UCI symbol in each hop

· If FH is disabled, support OCC length on DMRS  = number of DMRS symbol in the long PUCCH, support OCC length on UCI  = number of UCI symbol in the long PUCCH

Agreements:

· The sequences on slide 4 in R1-1718949 are adopted as the set of length-12 base sequences for short PUCCH for up to 2 bits and DM-RS for long PUCCH for UCI of up to 2 bits

Agreements:
· For long PUCCH for up to 2 UCI bits, the base sequence can be hopped for transmission of PUCCH in different slots

· The base sequence hopping can be enabled or disabled by cell-specific RRC parameters via RMSI

· Note this parameter for hopping is the same as the one used for short PUCCH for up to 2 UCI bits

· Hopping pattern is at least based on a configurable ID
· FFS on details of the hopping pattern
· The ID has a bitwidth of [10] bits
· FFS on cyclic shift hopping
· No RRC signaling impact
Agreements:
· If frequency hopping is enabled for long PUCCH for UCI of up to 2 bits and more than 2 bits, hopping boundary is determined by long PUCCH duration/start symbol of long PUCCH

· No RRC configuration is involved in determining the hopping boundary

In this contribution, we discuss the remaining issues of the NR long duration PUCCH format for up to 2 bits.
2 Discussion
Multiplexing design:

As it was discussed in the RAN1 #90bis meeting, the OCC multiplexing capacity for most lengths of long PUCCH with frequency hopping is already agreed except for durations of 7 and 11 symbols. Taking the duration of 7 symbols as an example, even if a length-2 OCC is applied for RS for the hopping part consisting of ‘RUR’, the multiplexing capacity is limited by the single UCI symbol, which means at most 12 UEs can be multiplexed in the same RB (assuming the cyclic shift spacing is 1). Therefore, a multiplexing capacity of M = 2 for a duration of 7 symbols and M = 3 for a duration of 11 symbols cannot be supported. 
By using a length-2 OCC for RS for the hopping part consisting of ‘RUR’ (for length of 7 symbols), one benefit is that larger cyclic shift spacing can be used for RS than for UCI when targeting the same multiplexing capacity, which may increase the channel estimation performance. However, the gain is unclear since small cyclic shift spacing is still used for UCI. In addition, it requires separate configurations of cyclic shift spacing for RS and UCI which deviates from the straightforward LTE mechanism that the cyclic shift spacing is a cell-specific parameter and is the same for RS and UCI. Different cyclic shift spacing for RS and UCI may impact interference coordination with neighbor cells and increase the PUCCH overhead by not supporting multiplexing of 7-symbol duration PUCCH format with other durations of long PUCCH without OCC in the same RB. 

Hence, we prefer to confirm the working assumption for the OCC multiplexing capacity for 7-symbol and 11-symbol long PUCCH.
Proposal 1: The working assumption for the OCC multiplexing capacity for 7-symbol and 11-symbol long PUCCH when frequency hopping is enabled should be confirmed. 
Another issue is how to define the OCC sequence for lengths of 6 and 7 symbols. Since these lengths are not powers of 2 we propose to reuse columns of the DFT matrix similar to length-5 OCC.

Proposal 2: DFT-based sequences as listed in Table 1 and Table 2 should be adopted as the length-6 and length-7 OCC sequences for long PUCCH format for up to 2 bits.

Table 1: Length-6 DFT-based OCC sequence
	Sequence index n_oc
	Orthogonal sequence[w(0),…w(N-1)]
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Table 2: Length-7 DFT-based OCC sequence

	Sequence index n_oc
	Orthogonal sequence[w(0),…w(N-1)]

	0
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In RAN1#90bis, it was agreed to support OCC lengths for DMRS and UCI equal to the number of DMRS and UCI symbols respectively in each hop when frequency hopping is enabled. Actually, we think this agreement should be only used when OCC multiplexing capacity is larger than 1. That is, for length of 4\5\6\7 symbols long PUCCH with frequency hopping, even if we use length of 2 OCC for DMRS or UCI on one hop, the OCC multiplexing capacity is still limited to 1 since the other hop has only one DMRS symbol or only one UCI symbol. It means in such case OCC spreading is effectively disabled since only 1 user can be mapped. In addition, multiplexing of PUCCH with lengths of 4\5\6\7 symbols in the same RB cannot be supported by using OCC. 
Proposal 3: For PUCCH lengths of 4\5\6\7 symbols with frequency hopping enabled, there should be no OCC for DMRS or UCI.

Base sequence for UCI:

In RAN1#90bis meeting, it was only agreed to support a set of new length-12 base sequences for DM-RS of long PUCCH for up to 2 bits. An open question was whether an optimized set of sequences with lower PAPR/CM could be found for the symbols carrying UCI. Even if such sequences can be found it does not seem warranted to then operate with roughly half of the symbols having one PAPR value and the other half a different PAPR value. Given the time left to complete the Rel-15 specification we prefer to use the length-12 base sequences for both UCI and DMRS.
Proposal 4: The newly designed length-12 base sequences should be used for UCI of long PUCCH for up to 2 bits.
Base sequence hopping design:

Generally, LTE sequence hopping method can be reused for long PUCCH for up to 2 bits since the design of long PUCCH for up to 2 bits is similar as LTE PUCCH format 1a/1b. To simplify the design of NR PUCCH, the same sequence hopping method should be used for both short PUCCH and long PUCCH for up to 2 bits. Details of base sequence hopping can be found in [2].
Proposal 5: The same sequence hopping method should be used for both short PUCCH and long PUCCH for up to 2 bits.
Cyclic shift hopping design:

If joint indication of CS index\OCC index\starting PRB index is used by indicating such as the PUCCH index for PUCCH resource allocation, LTE calculation for obtain CS index for each symbol in one slot can be reused for NR to achieve the cyclic shift hopping between different symbols. At least symbol index is used to do randomization between different symbols, such as shown in the equations below. Of course, if we just want to achieve CS randomization for different symbols within one slot, the slot index can be removed.
Equation 1:





[image: image16.wmf]ë

û

RB

sc

PUCCH

shift

s

~

s

)

~

(

oc

)

(

)

(

N

n

n

n

n

p

p

D

×

¢

=


where:


[image: image17.wmf](

)

(

)

[

]

RB

sc

RB

sc

PUCCH

shift

s

)

~

(

oc

PUCCH

shift

s

~

s

cell

cs

s

)

~

(

cs

mod

mod

mod

)

(

)

(

)

,

(

)

,

(

N

N

n

n

n

n

l

n

n

l

n

n

p

p

p

D

+

D

×

¢

+

=



[image: image18.wmf]å

=

×

+

+

×

=

7

0

s

UL

symb

s

cell

cs

2

)

8

8

(

)

,

(

i

i

i

l

n

N

c

l

n

n



[image: image19.wmf](

)

(

)

PUCCH

shift

RB

sc

~

PUCCH

s

~

mod

)

(

D

×

=

¢

N

c

n

n

n

p

p

 or when frequency hopping is enabled,
for the first hop, 
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for the second hop, 
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 is the hop index such as 0,1
In the above calculations, 
[image: image23.wmf]PUCCH

shift

D

 is the CS spacing configured by RRC, 
[image: image24.wmf]l

 is the index of symbol within one slot, 
[image: image25.wmf]s

n

is the index of slot within one radio frame, 
[image: image26.wmf]RB

sc

N

is the number of sub-carriers within one RB which equals to 12, 
[image: image27.wmf]UL

symb

N

 is the number of symbols within one slot which equals to 14, 
[image: image28.wmf]p

n

~

PUCCH

is the PUCCH index for antenna port 
[image: image29.wmf]p

~

, c(i) is a pseudo-random sequence initialized with configured ID or cell ID, c is the number of OCC multiplexing for one length of long PUCCH.
If starting RB index\CS index\OCC index are separately indicated, then one simple way is to get random CS index for each symbol based on the initial CS value and a pseudo-random parameter as in the following calculation 3 or 4 by reusing the LTE parameter
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Equation 2:
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Of course, if we just want to achieve CS randomization for different symbols within one slot, slot index can be removed from calculation 1 and 2.
Proposal 6: If CS index and OCC index are jointly indicated by PUCCH index, Equation 1 can be considered to obtain CS index for each symbol in one slot; if CS index and OCC index are separately indicated, Equation 2 can be considered to obtain CS index for each symbol in one slot.
Frequency hopping design:

By defining the frequency hopping boundary just according to the long PUCCH duration, the resource segmentation in the middle of slot can be reduced by in paired scheduling as shown in Figure 1 and two different lengths of long PUCCH such as lengths of 12 and 13 symbols, lengths of 11 and 10 symbols, and so on, can have aligned frequency hopping boundary when assuming the same starting symbol and floor (N/2) as the boundary, which can support such different lengths of long PUCCH to be in paired scheduled in the same RB, as shown in Figure 2. The only benefit of defining the frequency hopping boundary according to both the starting symbol and duration of long PUCCH is to align the frequency hopping boundary of long PUCCH with different starting symbols which make no sense since we can already have in paired multiplexing different lengths of long PUCCH in pair as shown in figure 2. In addition, by considering the last two UL symbols is reserved for short PUCCH or SRS, different frequency hopping boundary determining method can achieve the equivalent results as shown in Figure 3. 
For simplicity, we prefer to define the frequency hopping boundary just according to the long PUCCH duration. This is for both long PUCCH for up to 2 bits and more than 2 bits.
Proposal 7: If frequency hopping is enabled for long PUCCH, hopping boundary is determined by long PUCCH duration.
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Figure 1: Resource segmentation of method 1
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Figure 2: Resource segmentation of method 2
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Figure 3: frequency hopping boundary with different determining methods
For long PUCCH with frequency hopping, the same method as for short PUCCH over two symbols should be used for long PUCCH to determine the frequency hopping band and frequency domain resource for the second hop. Details can be found in [3].

Proposal 8: The same method as for short PUCCH over two symbols should be used for long PUCCH to determine the frequency hopping band and frequency domain resource for the second hop.
Different types of UCI multiplexing

Since long PUCCH for up to 2 bits UCI is designed based on LTE PUCCH format 1a/1b,  we believe that the same mechanism as LTE to support HARQ-ACK+SR in SR instance can be reused by transmitting HARQ-ACK on SR PUCCH resource when SR is positive, and transmitting HARQ-ACK on HARQ-ACK PUCCH resource when SR is negative.

For the collision of HARQ-ACK/SR and P-CSI when long PUCCH for up to 2bits is configured to one UE for HARQ-ACK/SR transmission, P-CSI should be dropped due to the limited capacity of long PUCCH for up to 2 bits. 
Proposal 9: Support HARQ-ACK+SR transmission by transmitting HARQ-ACK on SR PUCCH resource when SR is positive and transmitting HARQ-ACK on HARQ-ACK PUCCH resource when SR is negative in SR instances.
Proposal 10: For a UE configured with long PUCCH for up to 2 bits for HARQ-ACK and/or SR, when P-CSI collides with HARQ-ACK and/or SR in the same instance, P-CSI can be transmitted together with HARQ-ACK and/or SR on P-CSI PUCCH resource when simultaneous transmission of P-CSI and HARQ-ACK/SR is enabled by higher layer signaling. Otherwise, P-CSI should be dropped.
3 Conclusions
Based on the above discussion, we have the following proposals: 
Proposal 1: The working assumption for the OCC multiplexing capacity for 7-symbol and 11-symbol long PUCCH when frequency hopping is enabled should be confirmed. 
Proposal 2: DFT-based sequences as listed in Table 1 and Table 2 should be adopted as the length-6 and length-7 OCC sequences for long PUCCH format for up to 2 bits.

Proposal 3: For PUCCH lengths of 4\5\6\7 symbols with frequency hopping enabled, there should be no OCC for DMRS or UCI.

Proposal 4: The newly designed length-12 base sequences should be used for UCI of long PUCCH for up to 2 bits.

Proposal 5: The same sequence hopping method should be used for both short PUCCH and long PUCCH for up to 2 bits.
Proposal 6: If CS index and OCC index are jointly indicated by PUCCH index, Equation 1 can be considered to obtain CS index for each symbol in one slot; if CS index and OCC index are separately indicated, Equation 2 can be considered to obtain CS index for each symbol in one slot.
Proposal 7: If frequency hopping is enabled for long PUCCH, hopping boundary is determined by long PUCCH duration.
Proposal 8: The same method as for short PUCCH over two symbols should be used for long PUCCH to determine the frequency hopping band and frequency domain resource for the second hop.
Proposal 9: For a UE configured with long PUCCH for up to 2 bits for HARQ-ACK, support HARQ-ACK+SR transmission by transmitting HARQ-ACK on SR PUCCH resource when SR is positive and transmitting HARQ-ACK on HARQ-ACK PUCCH resource when SR is negative in SR instances.

Proposal 10: For a UE configured with long PUCCH for up to 2 bits for HARQ-ACK and/or SR, when P-CSI collides with HARQ-ACK and/or SR in the same instance, P-CSI can be transmitted together with HARQ-ACK and/or SR on P-CSI PUCCH resource when simultaneous transmission of P-CSI and HARQ-ACK/SR is enabled by higher layer signaling. Otherwise, P-CSI should be dropped.
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