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1. Introduction

In RAN1 90bis meeting [1], following agreements were made for short duration UL control channel in NR.
	Agreements:

· In Rel-15, only length 12 sequences are supported for short PUCCH for up to 2 bits (PUCCH format 0) and long PUCCH for up to 2 bits

Agreements:

· For HARQ-ACK transmission using short PUCCH for up to 2 bits

· In case of 1-bit HARQ-ACK only: 

· The distance between the two cyclic shifts within a PRB is 6

· In case of 2-bit HARQ-ACK only

· The distance between any two adjacent cyclic shifts within a PRB is 3 

· In case of 1-bit HARQ-ACK & SR (positive or negative)

· FFS

· In case of 2-bit HARQ-ACK & SR (positive or negative)

· FFS

Agreements:

· In case of SR due at the same time with other UCI, the physical layer can only transmit one SR at any given time

· If multiple SR are triggered prioritization of which SR should be transmitted is decided by RAN2

Agreements:

· In addition to the already agreed short PUCCH resources in the last and second last symbols, additional short PUCCH resources can be configured in other symbols of a slot 

· FFS whether or not such a configuration is conditioned on non-slot based operation 

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 short 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.

· 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


In this contribution, we discuss on the remaining issues for 1-symbol short PUCCH in NR for up to 2 UCI bits.
2. Discussion
2.1. Base sequence and cyclic shift hopping
In LTE [2], total 510 (= 17*30) sequence group hopping patterns are supported for inter-cell interference randomization of (sequence based) PUCCH and UL RS such as PUSCH DM-RS and SRS among 504 cells as shown in the below.
	5.5.1.3
Group hopping

The sequence-group number 
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There are 17 different hopping patterns and 30 different sequence-shift patterns. Sequence-group hopping can be enabled or disabled by means of the cell-specific parameter Group-hopping-enabled provided by higher layers. Sequence-group hopping for PUSCH can be disabled for a certain UE through the higher-layer parameter Disable-sequence-group-hopping despite being enabled on a cell basis unless the PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the contention based random access procedure. 

The group-hopping pattern 
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 may be different for PUSCH, PUCCH and SRS and is given by
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where the pseudo-random sequence 
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 is defined by clause 7.2. The pseudo-random sequence generator shall be initialized with 
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 at the beginning of each radio frame where 
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In RAN1 #90 meeting, it was agreed to support base sequence hopping for short PUCCH for up to 2 UCI bits and DM-RS for long PUCCH for up to 2 UCI bits. Considering that remaining time for NR phase 1 is limited, one possible way to design the base sequence hopping in NR is to reuse the sequence group hopping pattern in LTE. For example, a simple solution is to extend the range of 
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 up to the number of cell IDs in NR (e.g., 1000). Then, there are 34 (= ceil(1000/30)) initial values for pseudo-random sequence and then 34 group hopping patterns and 30 sequence shift patterns can generate total 1020 sequence group hopping patterns.
Proposal #1: For short PUCCH for up to 2 UCI bits, sequence group hopping pattern in LTE can be reused for base sequence hopping pattern.

Similar to base sequence hopping, (cell-specific) cyclic shift hopping on a symbol-by-symbol basis for short PUCCH for up to 2 UCI bits can also be supported/designed by reusing the cyclic shift hopping pattern in LTE which is defined as follows [2].
	All PUCCH formats use a cyclic shift, 
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where the pseudo-random sequence 
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 is defined by clause 7.2. The pseudo-random sequence generator shall be initialized with 
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For example, if the initial cyclic shift value k is given from the allocated PUCCH resource for short PUCCH for 2 UCI bits, there are 4 cyclic shift value(s) which can be represented as {k, k+3 (mod 12), k+6 (mod 12), k+9 (mod 12)}. Then, the actual cyclic shift value(s) (per symbol) can be determined by adding cyclic shift offset (per symbol) according to the (cell-specific) cyclic shift hopping pattern (e.g., 
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Proposal #2: For short PUCCH for up to 2 UCI bits, cyclic shift hopping on a symbol-by-symbol basis is supported and cyclic shift pattern in LTE can be reused.

However, since the number of slots in a radio frame can be different according to numerology (e.g., subcarrier spacing), it should be considered how to define the time period and time unit for based sequence pattern or cyclic shift hopping pattern. For example, if fixed time period (e.g., 10ms) and scalable time unit (e.g., 1 slot) are applied for base sequence hopping pattern regardless of numerology, 20-length (20 slots) base sequence hopping pattern is applied for 15kHz subcarrier spacing while 40-length (40 slots) base sequence hopping pattern is applied for 30 kHz subcarrier spacing. In general, time period (or time unit) can be fixed or scalable and the following options can be considered.
Proposal #3: For the period and time unit of base sequence (or cyclic shift) hopping patterns in NR, the following options can be considered.

· Option 1: Fixed time period (e.g., 10ms) / Fixed time unit (e.g., 0.5ms)
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· Option 2: Fixed time period (e.g., 10ms) / Scalable time unit (e.g., 1 slot)
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· Option 3: Scalable period (e.g., 20 slots ) / Scalable time unit (e.g., 1 slot)
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2.2. Simultaneous TX of HARQ-ACK and SR
In RAN1 NR Ad-Hoc#3 meeting [3], it was agreed to use the sequence selection based PUCCH (e.g., short PUCCH for up to 2 bits) for simultaneous transmission of 1 or 2-bit HARQ-ACK and SR. However, it needs to be clarified when UE can apply the above behaviour (i.e., simultaneous transmission of HARQ-ACK and SR using sequence selection based PUCCH). Since it was already agreed to support transmission of two short PUCCH within a slot by TDM manner, it would be reasonable to apply this behaviour in the case when a short PUCCH resource is allocated for SR and it collides (in time domain) with other (short) PUCCH resource carrying HARQ-ACK up to 2 bit(s). When SR and HARQ-ACK resources do not collide (in time) within a slot, UE can transmit both SR and HARQ-ACK within a slot using two separate PUCCH resources multiplexed by TDM manner. It should be noted that TDM based SR and HARQ-ACK transmission would be most resource-efficient way without loss of HARQ-ACK information since only one sequence (e.g., on/off keying) is allocated for SR resource while 2N sequences are allocated for N bit(s) HARQ-ACK resource representing all HARQ-ACK states (e.g., total 2N+1 sequences).
Proposal #4: NR supports transmission of HARQ-ACK and SR in a same slot with two short PUCCH resources multiplexed by TDM manner.

Considering the agreements in NR, there would be one PUCCH resource for ‘SR only’ transmission (in terms of single SR process perspective) and one or multiple PUCCH resource set(s) each of which consists of multiple PUCCH resource(s) for ‘HARQ-ACK only’ transmission. And naturally, ‘negative SR + HARQ-ACK’ can sharer the same PUCCH resource with ‘HARQ-ACK only’. Then, for simultaneous transmission of HARQ-ACK (up to 2 bits) and SR, there can be two options as below, depending on whether ‘SR only’ resource and ‘positive SR + HARQ-ACK’ resource are shared or not.

· Opt. 1: ‘SR only’ resource and ‘positive SR + HARQ-ACK’ resource are shared
· One sequence can be shared between {+, DTX} (i.e., SR only) and {+, all NACK} where ‘+’ denotes positive SR
· Opt. 2: ‘SR only’ resource and ‘positive SR + HARQ-ACK’ resource are separated
When comparing the two options, Opt 1 seems to be more efficient in terms of resource usage than Opt 2 due to resource sharing. In addition, considering DCI missing case, Opt. 2 may have a large resource overhead to be reserved compared to Opt. 1. Moreover, Opt. 1 can be an integrated solution for all if short PUCCH up to 2 bits (e.g., format 0) or long PUCCH up to 2 bits (e.g., format 1) is configured for SR only transmission. For Opt. 1, further consideration may be needed as to how the short PUCCH resource for ‘positive SR + HARQ-ACK’ is configured. For example, the short PUCCH resource can be configured for each PUCCH resource for HARQ-ACK, or for each PUCCH resource set for HARQ-ACK, or can be configured for each SR process.
Proposal #5: For simultaneous transmission of N (= 1 or 2) bit(s) ARQ-ACK and SR, short PUCCH resource can be shared between ‘SR only’ and ‘positive SR + HARQ-ACK’.
· One sequence can be shared between {+, DTX} (i.e., SR only) and {+, all NACK} where ‘+’ denotes positive SR
Furthermore, for construction of one sequence based short PUCCH resource for SR (e.g., ‘SR only’ and ‘positive SR + HARQ-ACK’), one possible option is to allocation total 4 sequences for the short PUCCH resource. Then, one of the 4 sequences can be used to represent both of {+, DTX} (= SR only) and {+, all NACK} where ‘+’ indicates positive SR. If simultaneous transmission of 1 bit HARQ-ACK and SR is triggered, 2 sequences of the 4 sequences can be used to represent {+, NACK} and {+, ACK}, respectively. Similarly, for 2 bits HARQ-ACK case, all 4 sequences can be used to represent {+, NACK/NACK}, {+, NACK/ACK}, {+, ACK/NACK}, and {+, NACK/NACK}, respectively. Note that UCI states for ‘negative SR + HARQ-ACK’ can be transmitted by the PUCCH resource for ‘HARQ-ACK only’.
For more efficient resource utilization, HARQ-ACK bits can be bundled in spatial domain and total 2 sequences can be allocated to the sequence based short PUCCH resource for SR. Then, in case of HARQ-ACK and SR simultaneous transmission, the 2 sequences can be used for represent {+, (bundled) NACK} and {+, (bundled) ACK}, respectively. Figure 1-(a) and 1-(b) depict examples of simultaneous HARQ-ACK and SR transmission when PUCCH resource for SR consists of 4 sequences and 2 sequences, respectively. Note than only one sequence (red color) for ‘SR only’ would be always reserved with given SR periodicity while the other three sequences (blue color) would be only reserved when HARQ-ACK reporting is triggered.
Proposal #6: Sequence based short PUCCH resource for SR can consist of 4 or 2 sequences.
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Figure 1. Examples of simultaneous HARQ-ACK and SR transmission
3. Conclusion
In this contribution, we discussed on the remaining issue of 1-symbol short PUCCH for up to 2 UCI bits. The proposals of this contribution are summarized as follows.
Proposal #1: For short PUCCH for up to 2 UCI bits, sequence group hopping pattern in LTE can be reused for base sequence hopping pattern.

Proposal #2: For short PUCCH for up to 2 UCI bits, cyclic shift hopping on a symbol-by-symbol basis is supported and cyclic shift pattern in LTE can be reused.

Proposal #3: For the period and time unit of base sequence (or cyclic shift) hopping patterns in NR, the following options can be considered.

· Option 1: Fixed time period (e.g., 10ms) / Fixed time unit (e.g., 0.5ms)
· Option 2: Fixed time period (e.g., 10ms) / Scalable time unit (e.g., 1 slot)

· Option 3: Scalable period (e.g., 20 slots ) / Scalable time unit (e.g., 1 slot)
Proposal #4: NR supports transmission of HARQ-ACK and SR in a same slot with two short PUCCH resources multiplexed by TDM manner.

Proposal #5: For simultaneous transmission of N (= 1 or 2) bit(s) ARQ-ACK and SR, short PUCCH resource can be shared between ‘SR only’ and ‘positive SR + HARQ-ACK’.

· One sequence can be shared between {+, DTX} (i.e., SR only) and {+, all NACK} where ‘+’ denotes positive SR
Proposal #6: Sequence based short PUCCH resource for SR can consist of 4 or 2 sequences.
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