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1	Introduction
This contribution is a revision of R1-1718307.
During the NR Study Item, RAN1 has established requirements and scenarios for NR [1] and has identified technology components that are needed to standardize the NR system [2]. The objective of the work item phase is to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low latency communications (URLLC) considering frequency ranges up to 52.6 GHz and considering forward compatibility and introduction of new technology components for new use cases.
In the appendix, we have listed agreements from previous meetings for long PUCCH with up to two UCI bits (PUCCH format 1).
In this contribution, we discuss the design principles of long PUCCH with up two UCI bits (PUCCH format 1) building on the agreements of the last meetings. We consider the following points:
· UCI symbol sequences.
· Remaining details about OCC multiplexing.
· Frequency hop boundary for PUCCH format 1.
· Inter-cell randomization.
· Support of SR and HARQ-ACK/SR multiplexing for long PUCCH with up to two HARQ-ACK bits.
2 Discussion
2.1 UCI Symbols Sequence
In RAN1#90-bis [3], it was agreed that the DMRS sequence adopted for PUCCH format 1 is given by slide 4 of R1-1718949. It seems reasonable to adopt the same sequence for the UCI symbols, to avoid the need to define a new sequence.
Proposal 1: NR shall adopt the sequence defined in slide 4 of R1-1718949 for the UCI symbols of PUCCH format 1 (long PUCCH with up to 2 UCI bits).
2.2	OCC Multiplexing
In RAN1#90b[3], the design of OCC with and without frequency hopping was discussed, and much of the design was agreed. There are two open points from that meeting:
1. The OCC multiplexing capacity with frequency hopping and 7 or 11 symbol long PUCCH (these were taken as working assumptions in RAN1#90b[3]).
2. OCC sequences with a OCC capacity of 6 and 7.

For the first open point, we would like to confirm that the OCC multiplexing capacity with frequency hopping enabled and with a PUCCH duration of 7 symbols is 1. Furthermore, we would like to confirm that the OCC multiplexing capacity with frequency hopping enable and with a PUCCH duration of 11 symbols is 2.
Proposal 2: For PUCCH format 1 and with frequency hopping enabled, confirm the OCC multiplexing capacity from the previous meeting:
· In case of long PUCCH with duration 7 symbols: 1
· In case of long PUCCH with duration 11 symbols: 2

The second open point relates to the OCC sequence with a OCC multiplexing capacity of 6 and 7.
OCC sequence for multiplexing capacity of 6:
There are several ways to generate the 6 OCC sequences, with OCC multiplexing capacity () of 6:
1. The OCC sequences are generated as a DFT sequences of length 6. i.e. the OCC sequence  is expressed as: , where 
2. Another option is to generate the length 6 OCC sequence as the Kronecker product of a length 3 OCC sequence and a length 2 OCC sequence.

It can be shown that the sequences generated by the Kronecker product are permutations of the sequences generated using DFT sequences. We propose selecting the sequences generated using the DFT sequences to be similar to those of OCC sequences of other lengths (except OCC length of 4).
OCC sequence for multiplexing capacity of 7:
For an OCC multiplexing capacity () of 7, the OCC sequences are generated as a DFT sequences of length 7. i.e. the OCC sequence  is expressed as: , where 
Proposal 3: For an OCC multiplexing capacity () of 6 or 7, the OCC sequences are generated as DFT sequences of length 6 or 7 respectively. i.e. the OCC sequence  is expressed as: , where .
2.3	Frequency hopping boundary
According to the agreements of RAN1#NR-AH2 [4] there is at most a single hop per slot for long PUCCH. According to the agreements of RAN1#90b [3], the frequency boundary depends on the starting symbol and the duration of long PUCCH. The hopping boundary can be determined by:
1. Near the middle of the long PUCCH:
a. First hop duration = Floor (PUCCH duration /2) and second hop duration = Ceiling (PUCCH duration /2).
b. First hop duration = Ceiling (PUCCH duration /2) and second hop duration = Floor (PUCCH duration /2).
2. Near the middle of the long PUCCH, but taking into account that if both hops were to have an odd number of symbols, had the hopping boundary been placed exactly in the middle, one symbol is moved from the first hop to the second hop. This impacts PUCCH durations of length 6, 10 and 14 symbols. The rationale of this optimization is to try to balance the UCI and DMRS symbols in each hop as much as possible [5].

We see a few disadvantages for proposal 2:
1. Proposal 2 is only for PUCCH format 1 (long PUCCH with up to two bits), PUCCH formats 3 and 4 (long PUCCH with more than 2 bits) follow proposal 1 above [6]. Having a different hopping boundary for long PUCCH formats, will impact the multiplexing of different long PUCCH formats in complimentary hops. This increases the complexity of the gNodeB resource allocation and reduces the spectral efficiency.
2. Having asymmetric number of symbols between the two hops (e.g. 4+2 in case of 6 symbols), degrades performance especially at high speed, especially with 6 symbols, as has been shown in [7]. On the other hand, it has been shown [8] that at low speeds (3 Km/hr) proposal 2 provides minor or little performance improvements.

Based on the above, we have the following proposal:
[bookmark: _Hlk498350263]Proposal 4: For PUCCH format 1, the frequency hopping boundary is determined such as number of symbols in the first hop is equal to the floor (Number of PUCCH symbols /2) and that of the second hop is equal to the ceiling (Number of PUCCH symbols /2).
2.3. Long PUCCH inter-cell randomization
In RAN1#90b [3], base sequence hopping between slots was agreed. Efficient inter-cell interference randomization is an important aspect of control channel design. LTE supports several randomization mechanisms that can also be used to randomize inter-cell interference. To ensure sufficient randomization even within a single short PUCCH transmission, we see that also cyclic shift hopping should be supported for PUCCH format 0. The cyclic shift hopping pattern should depend at least on a configurable ID, slot number and symbol number. Hence, we repeat in here our proposal from our companion contribution 0:     
[bookmark: _Hlk498592245]Proposal 5: Cyclic shift hopping is supported for short PUCCH supporting UCI up to 2 bits.
For the purposes of multipoint reception, it makes sense that the configurable ID can be higher layer configured in a UE-specific manner. However, a default value needs to be defined, and for the sake of simplicity we see that the cell identity should be used as the default value.   
Proposal 6: Cell identity is used as the default value for the configurable ID used in the initialization of cyclic shift hopping and base sequence hopping patterns. 
2.4	SR and HARQ-ACK/SR multiplexing
PUCCH format 1 within a time-frequency resource is identified by the following code/sequence resources:
· Cyclic shift within a symbol.
· TD-OCC index within the UCI symbols and within the DMRS symbols.

When SR is carried on PUCCH format 1, it conveys a single bit of information, whether SR is present or not. i.e. a presence indicator without carrying any other information is sufficient for SR. On-off keying is used to convey the SR. In this case, it is possible to double the multiplexing capacity of SR, by having an additional OCC cover on top of the UCI symbols and DMRS symbols. This cover is in the form of [1 1] and [1 -1] (i.e. for the first sequence, the UCI symbols are multiple by one and DMRS symbols are multiple by one also. For the second sequence, the UCI symbols are multiplied by one, but the DMRS symbols are multiplied by minus one). This allows two SR resources to be conveyed by the same cyclic shift and TD-OCC index. Thus, the SR design for PUCCH format 1 is sequence based, and has similarity with the SR design for PUCCH format 0.
Proposal 7: Consider a sequence based design for conveying SR on PUCCH format 1, where the sequence is based on the cyclic shift within a symbol, the TD-OCC index within the UCI symbols and within the DMRS symbols and an OCC cover between the UCI and DMRS symbols.
In case one or two-bit HARQ-ACK is transmitted with SR in the same slot. PUCCH format 1 is used. The multiplexing scheme of SR and HARQ-ACK can follow the same scheme proposed for short PUCCH 0. The SR resource conveys one bit of information using on-off keying, while the HARQ-ACK resource can convey:
· 1 bit of information in case of 1-bit HARQ ACK using BPSK modulation of the UCI symbols of the HARQ-ACK resource.
· 2 bits of information in case of 2-bit HARQ ACK using QPSK modulation of the UCI symbols of the HARQ-ACK resource.

The proposed multiplexing rule for SR and HARQ-ACK follows the same principles as that of PUCCH format 0. This is shown in Table 1.

[bookmark: _Ref492558047]Table 1: Multiplexing rule for SR + HARQ-ACK on PUCCH format 1. This table shows the resource transmitted and the modulating value.
	
	1-bit HARQ ACK
	2-HARQ ACK

	No SR resource
	ACK: HARQ-ACK = 1
NACK: HARQ-ACK = 0
	ACK, ACK: HARQ-ACK = 1 1
ACK, NACK: HARQ-ACK = 1 0
NACK, ACK: HARQ-ACK = 0 1
NACK, NACK: HARQ-ACK = 0 0

	With SR resource
	ACK + -ve SR: HARQ-ACK = 1
ACK + +ve SR: HARQ-ACK= 0
NACK + +ve SR: SR resource
	ACK, ACK + -ve SR: HARQ-ACK = 1 1
ACK, NACK + -ve SR: HARQ-ACK = 1 0
NACK, ACK + -ve SR: HARQ-ACK = 0 1
ACK, ACK + +ve SR: HARQ-ACK = 0 0
(ACK, NACK or NACK, ACK, NACK, NACK) + +ve SR: SR resource



Proposal 8: Multiplexing of SR+HARQ-ACK is supported with following rules:
· NACK (or NACK/NACK) is not transmitted when HARQ feedback occurs simultaneously with SR opportunity and negative SR.
· HARQ-ACK bundling is applied in the cases of positive SR: 
· If the outcome of HARQ-ACK bundling is NACK, positive SR is transmitted with the PUCCH format 1 sequence semi-statically configured for SR-only transmissions
· If the outcome of HARQ-ACK bundling is ACK, positive SR and ACK are transmitted with the PUCCH format 1 sequence normally allocated for NACK (or NACK/NACK).

3	Conclusion
In this contribution, we discussed the design principle of long PUCCH with up to two UCI bits (PUCCH format 1). The following proposals were made:
Proposal 1: NR shall adopt the sequence defined in slide 4 of R1-1718949 for the UCI symbols of PUCCH format 1 (long PUCCH with up to 2 UCI bits).
Proposal 2: For PUCCH format 1 and with frequency hopping enabled, the OCC multiplexing capacity is:
· In case of long PUCCH with duration 7 symbols: 1
· In case of long PUCCH with duration 11 symbols: 2

Proposal 3: For an OCC multiplexing capacity () of 6 or 7, the OCC sequences are generated as DFT sequences of length 6 or 7 respectively. i.e. the OCC sequence  is expressed as: , where .
Proposal 4: For PUCCH format 1, the frequency hopping boundary us determined such as number of symbols in the first is equal to the floor (Number of PUCCH symbols /2) and that of the second hop is equal to the ceiling (Number of PUCCH symbols /2).
Proposal 5: Cyclic shift hopping is supported for short PUCCH supporting UCI up to 2 bits.
Proposal 6: Cell identity is used as the default value for the configurable ID used in the initialization of cyclic shift hopping and base sequence hopping patterns. 
Proposal 7: Consider a sequence based design for conveying SR on PUCCH format 1, where the sequence is based on the cyclic shift within a symbol, the TD-OCC index within the UCI symbols and within the DMRS symbols and an OCC cover between the UCI and DMRS symbols.
Proposal 8: Multiplexing of SR+HARQ-ACK is supported with following rules:
· NACK (or NACK/NACK) is not transmitted when HARQ feedback occurs simultaneously with SR opportunity and negative SR.
· HARQ-ACK bundling is applied in the cases of positive SR: 
· If the outcome of HARQ-ACK bundling is NACK, positive SR is transmitted with the PUCCH format 1 sequence semi-statically configured for SR-only transmissions
· If the outcome of HARQ-ACK bundling is ACK, positive SR and ACK are transmitted with the PUCCH format 1 sequence normally allocated for NACK (or NACK/NACK).
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Appendix 1: Previous meetings agreements
In RAN1#90-bis [3], the following agreements were made:
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:
· OCC multiplexing capacity for each long PUCCH duration for long-PUCCH for UCI of up to 2 bits is given as follows:
	Long-PUCCH duration N
	OCC Multiplexing capacity M

	
	with hopping
	without hopping

	4
	1
	2

	5
	1
	2

	6
	1
	3

	7
	[1]
	3

	8
	2
	4

	9
	2
	4

	10
	2
	5

	11
	[2]  
	5

	12
	3
	6

	13
	3
	6

	14
	3
	7


 
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

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

In RAN1#NR-AH3 [10], the following agreements were made:
Agreements:
· For long PUCCH for UCI of up to 2 bits, DM-RS is located in all the even symbols, where the symbol is indexed from the start of the long PUCCH of value 0

Conclusion:
· Study further frequency hopping boundary for long PUCCH of up to 2 bits with N symbols focusing on the following options:
· Floor (N/2) 
· Ceiling (N/2) 
· N/2-1 where mod(N,4)=2; floor(N/2) otherwise
· Floor(Ceiling (N/2)/2) × 2
· Starting symbol driven frequency hopping boundary
· Companies are encouraged to perform further evaluations and analysis, also considering alignment (if necessary) of PUCCH of different durations

Agreements:
· For long-PUCCH for UCI up to 2 bits, up to 3 OCC multiplexing capacity are supported with frequency hopping
· FFS: OCC multiplexing capacity values without frequency hopping.
· FFS: whether to have the same multiplexing capacity w/ and w/o frequency hopping for a given duration of long PUCCH.
· OCC multiplexing capacity for each long PUCCH duration (including FFS values) as listed in the following table 
· FFS on OCC length
· Note: It doesn’t imply that the OCC multiplexing capacity for DMRS and UCI are the same

	Long-PUCCH duration N
	OCC Multiplexing capacity M

	
	with hopping
	without hopping FFS

	4
	1
	FFS [2]

	5
	1
	FFS[2]

	6
	1
	FFS[2]

	7
	FFS [1 or 2]  
	FFS[2]

	8
	2
	FFS[3-4]

	9
	2
	FFS[3-4]

	10
	2
	FFS[3-5]

	11
	FFS [2 or 3]  
	FFS[3-5]

	12
	3
	FFS[3-6]

	13
	3
	FFS[3-6]

	14
	3
	FFS[3-7]




Agreements:
· NR studies a new set of sequences for short PUCCH and long PUCCH for UCI bits up to 2
· For a fair comparison of at least length 12 NR CGS designs for PUCCH, the companies are encouraged to provide/re-evaluate their proposed sequences based on the following all or a subset of performance metrics
· Maximum PAPR/CM, minimum PAPR/CM, mean PAPR/CM (assuming at least 8x oversampling)  
· Maximum cross-correlation
· Between the base sequences for new NR sequences by applying all CS values
· Between the base sequences for new NR and LTE sequences by applying all CS values (LTE CGS for 1 and 2 PRBs ,and ZC sequences for >2PRBs up to 100MHz bandwidth) considering all partial overlapping
· Other examples for metrics can be but not limited to
· Statistics of cross-correlation (mean/max/std dev/95% tile)
· with both Method 1 (with NFFT=12*32) and Method 5 (Based on R1-163437)
· Note: Timing miss-alignment with other values for oversampling can also be realized with Method 5.
· And/or with aperiodic cross-correlation for different timing arrivals
· Modulation type, EVM
· Receiver complexity
· LTE CGS are used as the reference for performance comparison

In RAN1#90 [11], the following agreement was made:
Agreements:
· For a long-PUCCH for UCI of up to 2 bits,
· Confirm the WA:
· DMRS always occurs in every other symbol in the long PUCCH
· FFS: even or odd symbols
· For a long-PUCCH,
· Frequency-hopping is enabled/disabled by RRC signaling.
· FFS: if frequency-hopping is always enabled for a long-PUCCH with larger than a certain duration

In RAN1#NR-AH2 [4], the following agreements were made:
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


