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1 Introduction
In RAN1 #90bis meeting [1], the following agreements were made for short PUCCH format supporting up to 2UCI 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

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
In this contribution, we discuss the remaining design aspects of the short PUCCH format with 1 or 2 UCI bits.
2 Discussion 
The base sequence hopping 
As agreed in last RAN1 meeting, the base sequence hopping in different slots can be supported. In LTE, there is a sequence group hopping scheme [2], and it could be reused in NR by some modification.

Similar to LTE, the assigned based sequence index 
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 can be derived according to:
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is the group hopping pattern and 
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is the sequence shift pattern.
The group hopping pattern 
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where the pseudo-random sequence 
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 is define by clause 7.2 in [1]. The pseudo-random sequence generator shall be initialized with 
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 could be configured by higher layer or set as Cell ID. 
The sequence-shift pattern 
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For the definition of 
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, it could be referring to slot index based on NR frame structure but  new issue would be caused. Since there are 6 different numerologies in NR, when the adjacent cells are configured with different numerologies, then the slot duration will be different.  If 
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is defined as slot index and it will start from 0 to ending index in a given time period, i.e., a 10ms frame duration, for 15KHz SCS, it is from 0 to 9 in a 10ms frame, for 30KHz SCS, it is from 0 to 19 in a 10ms frame, an example is shown in Figure 1. In such definition, the assigned base sequence of 15KHz SCS and 30KHz SCS may collide, which may introduce stronger interference from neighboring cell and cause difficulties for cell planning. Therefore, a desirable method is to define a aligned duration index  for different numerologies. There are definition of frame structure in TS 38.211[3], the details are shown in Table 1. From the Table 1, we can define the 
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as sub-frame index  as shown in figure 2. Then the sub-frame index will be from 0 to 9 within a 10ms frame since for different numerologies, the sub-frame has the same time duration.
When define the 
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as sub-frame index, the sequence hopping is conducting in different sub-frames instead of slot level hopping for large numerologies. This is a degradation for the effect of interference randomization since there are multiple consecutive slots using the same sequence for SCS larger than 15KHz. Although this method has mentioned drawback, it is better than introducing interference from neighboring cell. So for sequence hopping, it should do compromise to use sub-frame index for 
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Proposal 1: For short PUCCH for up to 2 UCI bits, the base sequence should be hopped per sub-frame basis. 
Proposal 2: The sequence hopping for short PUCCH could reuse the group sequence hopping mechanism of LTE.
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Figure 1: Define the 
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as slot index
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Figure 2: Define the 
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as sub-frame index
Table 1: Number of OFDM symbols per slot, 
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	0
	14
	10
	1

	1
	14
	20
	2

	2
	14
	40
	4

	3
	14
	80
	8

	4
	14
	160
	16

	5
	14
	320
	32


The mapping from UCI state to CS
It is agreed that the distance between the two cyclic shifts within a PRB is 6 and 3 for 1-bit and 2-bit HARQ-ACK respectively, which improves detection performance especially in large delay spread channel. 
For 1bit HARQ-ACK case, the assigned cyclic shifts can be selected from 6 sets {0, 6}, {1, 7}, {2, 8}, {3, 9}, {4, 10}, {5, 11}, whereas for 2bits HARQ-ACK, there are  3 candidate sets {0, 3, 6, 9}, {1, 4, 7, 10}, {2, 5, 8, 11}. The selected set can be determined by the initial CS index. 
 The mapping of the HARQ-ACK state to the set of assigned CS values also needs to be considered. For a DL BLER target of 10%, ACK is transmitted 90% of the time on average. When two UEs use CS {0, 3, 6, 9} and CS {1, 4, 7, 10} to denote the (ACK, ACK), (ACK, NACK), (NACK, NACK), (NACK, ACK) states respectively, the probability of CS 0 and CS 1 for transmission will be very high, which will cause higher detection error due to the small CS spacing. Therefore, it is better to keep a maximum separation of sequences for the same UCI state from different UEs. An example of the mapping design for 1- and 2-bit HARQ-ACK cases are shown in Table 1 and Table 2 respectively. 
Note that for when signaling the initial CS it is not necessary to have 12 candidates given that the possible CS indices are grouped into sets for maximal CS spacing, i.e. 6/3 sets for 1/2 HARQ-ACK bits. Therefore, there just need 3 bits for indication.
Proposal 3: For UE multiplexing in the same PRB, map HARQ-ACK to CS index mapping should support maximal cyclic shift spacing for identical HARQ-ACK states.
Proposal 4: The mapping schemes of Table 1 and Table 2 are proposed for consideration.
Proposal 5: 3 bits are needed for explicit signaling of the set of cyclic shifts for PUCCH format 0.
Table 1: The mapping from 2bits HARQ-ACK state to CS value
	HARQ-ACK state
	ACK: 0
	NACK: 1

	UE1
	0
	6

	UE2
	7
	1

	UE3
	2
	8

	UE4
	9
	3

	UE5
	4
	10

	UE6
	11
	5


Table 2: The mapping from 2bits HARQ-ACK state to CS value
	HARQ-ACK state
	ACK, ACK: 00
	ACK, NACK:01
	NACK, NACK: 11
	NACK, ACK:10

	UE1
	0
	3
	6
	9

	UE2
	4
	7
	10
	1

	UE3
	8
	11
	2
	5


SR and HARQ-ACK transmission
When SR is transmitted with HARQ-ACK, the sequence selection scheme is used. There are several options for how to allocate resources for simultaneous transmission of SR and HARQ-ACK. 
For SR + 1bit HARQ-ACK, up to 4 sequences would be needed to report all possible states of positive/negative SR and ACK/NACK. However, the negative SR + NACK state does not need to be reported to the gNB. Therefore, as only 3 sequences are required, the reporting mechanism is simplified since no additional resources would be required on top of the semi-statically configured SR resource and the dynamically indicated resources (sequences) for HARQ-ACK-only transmission. Table 3 shows an example mapping of the feedback states to the indicated sequences. 
Table 3 Mapping of SR + 1 HARQ-ACK bit on short PUCCH

	UCI state
	Used sequence

	ACK + positive SR
	Sequence 1 determined from HARQ-ACK resource 

	ACK + negative SR
	Sequence 2 determined from HARQ-ACK resource

	NACK/DTX + positive SR
	Sequence determined from SR resource

	NACK/DTX + negative SR
	No transmission


Proposal 6: For SR + 1-bit HARQ-ACK transmission, three sequences derived from the signaled HARQ-ACK resource and the configured SR resource are used for sequence based PUCCH transmission.

For SR + 2-bit HARQ-ACK, more resources would be needed for sequence based transmission. Two options may be considered.
· Option 1: Use 8 sequences (cyclic shifts) which are configured by gNB .

Up to 8 resources (cyclic shifts of a base sequence) are required to report 2 SR states and 4 HARQ-ACK feedback states. As the SR resources would be semi-statically configured it may or may not be possible for the SR and HARQ-ACK resources to be mapped to the same PRB given that the HARQ-ACK resources are dynamically selected. If the UE does not have SR to transmit, the HARQ-ACK is mapped to the set of 4 PUCCH resources indicated for HARQ-ACK. If the UE has SR to transmit, the HARQ-ACK is mapped to the set of 4 semi-statically configured resources for SR. 
· Option 2: Use bundling indication for SR with 2bits HARQ-ACK. 
When SR is transmitted with 2bits HARQ-ACK, the 2bit HARQ-ACK is bundled as 1 bit. In this way, the resource overhead is the same as SR with 1bit HARQ-ACK transmission at the expense of some DL throughput loss due to HARQ-ACK bundling. This option was proposed to support UL coverage-limited UEs. However, the UL coverage issue was the reason to introduce long PUCCH formats with DFT-S-OFDM waveform and a second solution is not necessary.
Proposal 7: Bundling of 2-bit HARQ-ACK for joint transmission with SR is not supported for the short PUCCH format.
Proposal 8: For SR + 2-bit HARQ-ACK, 4 resources (cyclically shifted sequences) are semi-statically configured for SR. The UE maps HARQ-ACK to the set of SR resources for positive SR. Otherwise, HARQ-ACK is mapped to the dynamically signaled set of HARQ-ACK resources. The PUCCH resource configuration including CS set and PRB allocation depends on gNB configuration.
3 Conclusions
In this contribution we mainly discuss the remaining aspects for the short PUCCH with up to two bits payload. We have the following proposals:
Proposal 1: For short PUCCH for up to 2 UCI bits, the base sequence should be hopped per sub-frame basis. 

Proposal 2: The sequence hopping for short PUCCH could reuse the group sequence hopping mechanism of LTE.
Proposal 3: For UE multiplexing in the same PRB, map HARQ-ACK to CS index mapping should support maximal cyclic shift spacing for identical HARQ-ACK states.

Proposal 4: The mapping schemes of Table 1 and Table 2 are proposed for consideration.

Proposal 5: 3 bits are needed for explicit signaling of the set of cyclic shifts for PUCCH format 0.
Table 1: The mapping from 2bits HARQ-ACK state to CS value
	HARQ-ACK state
	ACK: 0
	NACK: 1

	UE1
	0
	6

	UE2
	7
	1

	UE3
	2
	8

	UE4
	9
	3

	UE5
	4
	10

	UE6
	11
	5


Table 2: The mapping from 2bits HARQ-ACK state to CS value
	HARQ-ACK state
	ACK-ACK: 00
	ACK-NACK:01
	NACK-NACK: 11
	NACK-ACK:10

	UE1
	0
	3
	6
	9

	UE2
	4
	7
	10
	1

	UE3
	8
	11
	2
	5


Proposal 6: For SR + 1-bit HARQ-ACK transmission, three sequences derived from the signaled HARQ-ACK resource and the configured SR resource are used for sequence based PUCCH transmission.

Proposal 7: Bundling of 2-bit HARQ-ACK for joint transmission with SR is not supported for the short PUCCH format.
Proposal 8: For SR + 2-bit HARQ-ACK, 4 resources (cyclically shifted sequences) are semi-statically configured for SR. The UE maps HARQ-ACK to the set of SR resources for positive SR. Otherwise, HARQ-ACK is mapped to the dynamically signaled set of HARQ-ACK resources. The PUCCH resource configuration including CS set and PRB allocation depends on gNB configuration.
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