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1. Introduction
At the previous RAN1 meetings, following agreements were made [1]:
	Agreements of RAN1#90:
· For 1-symbol short-PUCCH for UCI of up to 2 bits,
· The sequence length of 12 REs with consecutive mapping within a PRB is at least supported.
· Further study 24 or 48 REs.
· Further study for multiplexing b/w sequence-based short-PUCCH and other sequences using CDM or FDM (DMRS for PUSCH/PUCCH, SRS, long-PUCCH).
· Including comb-structure
· For the sequence length of 12 REs,
· The supported number of base sequences is 30
· The number of cyclic shifts available for one base sequence is 12
Agreements of RAN1 AH#3:
· For simultaneous transmission of 2-bit HARQ-ACK and SR, short PUCCH for UCI of up to 2 bits is used
· Aim to conclude one solution in the next meeting (e.g., # of sequences, potential resource selection, potential spatial bundling, etc.)
· Confirm the following working assumption:
· For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 is supported.
· Note: option 4 is sequence selection
Agreements of RAN1 #90b:
· 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 of RAN1 #90b:
· 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 of RAN1 #90b:
· 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 of RAN1 #90b:
· 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 of RAN1 #90b:
· 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 of RAN1 #90b:
· 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 propose the design of PUCCH format 0 (short-PUCCH for UCI of up to 2 bits).
2. Design of PUCCH format 0
2.1. HARQ-ACK / SR mapping to sequence
· HARQ-ACK + SR
At the RAN1 NR AH#3 meeting, PUCCH format 0 was agreed for simultaneous transmission of HARQ-ACK and SR. However, how to transmit 2-bit HARQ-ACK and SR simultaneously is still FFS. For this, following options have been identified:
· For 1-bit HARQ-ACK and SR:
· Option 1-1: 4 sequences
· Option 1-2: 3 sequences (no transmission for NACK and negative SR)
· For 2-bit HARQ-ACK and SR:
· Option 2-1: 8 sequences
· Option 2-2: 4 or 5 sequences (with HARQ-ACK bundling)
For 1-bit HARQ-ACK and SR, opt. 1-2 would degrade the performance of PUCCH because gNB cannot recognize NACK or DTX; hence, opt. 1-1 should be supported.
For 2-bit HARQ-ACK and SR, opt. 2-2 would degrade the performance of PDSCH because keeping the same re-transmission rate compared to non-bundling case requires lower target BLER of each TB. Furthermore, from implementation point of view, with opt. 2-2, HARQ-ACK bundling occurs only when 2 bits HARQ-ACK and SR collide. Since gNB needs to care of the different HARQ-ACK feedback (i.e., multiplexing on non-SR timing, while bundling on SR timing), gNB DL scheduler would be complicated. Besides, if the 2 bits of HARQ-ACK are for TBs on different carriers, opt. 2-2 is not possible; according to the agreement achieved at RAN1 NR-AH#3 meeting (bundling of HARQ-ACKs across different CCs for a UE is not supported in Rel-15). As such, opt. 2-2 complicates both specification and implementation, and hence, opt. 2-1 should be supported.
Figure 1 illustrates our proposal of CS / PRB allocation for simultaneous transmission of HARQ-ACK and SR. As illustrated in figure 1, 4 or 8 sequences are used for 1-bit or 2-bit HARQ-ACK and SR. In configuration 1, 4 or 8 CS of the same PRB is used; on the other hand, as illustrated in figure 2, 1 or 2 CS of the same PRB is used for HARQ-ACK & positive SR and another 1 or 2 CS of the same PRB is used for HARQ-ACK & negative SR. gNB can configure the configuration 1 or configuration 2 according to the number UEs transmitting SR/HARQ-ACK or the number of PRBs available for PUCCH format 0. If the number of UEs transmitting SR/HARQ-ACK is large or the number of PRBs available for PUCCH format 0 is small, gNB can configure configuration 1 to utilize resources efficiently; on the other hand, gNB can configure configuration 2 to improve robustness of the delay spread. 
Similar to the current agreement for 1-bit/2-bit HARQ-ACK only, for 1-bit/2-bit HARQ-ACK with positive SR or negative SR within a PRB, the distance between the 2-CS/4-CS is 6/3, respectively. Our proposal is summarized as following:
Proposal 1:
· For simultaneous transmission of HARQ-ACK and SR,
· In case of 1-bit HARQ-ACK & SR,
· Different CS / PRB is used for HARQ-ACK & positive SR or HARQ-ACK & negative SR
· The distance between the two cyclic shifts for 1-bit HARQ-ACK with positive SR within a PRB is 6
· The distance between the two cyclic shifts for 1-bit HARQ-ACK with negative SR within a PRB is 6
· In case of 2-bit HARQ-ACK & SR,
· Different CS / PRB is used for HARQ-ACK & positive SR or HARQ-ACK & negative SR
· The distance between the two cyclic shifts for 2-bit HARQ-ACK with positive SR within a PRB is 3
· The distance between the two cyclic shifts for 2-bit HARQ-ACK with negative SR within a PRB is 3
[image: ]
(a) 1-bit HARQ-ACK and SR
[image: ]
(b) 2-bit HARQ-ACK and SR
Fig. 1	CS/PRB mapping for 1-bit/2-bit HARQ-ACK and SR.
· SR-only
For a SR transmission, one CS of a sequence is allocated to a UE. The UE transmits PUCCH format 0 with the given CS for the case of positive SR, while the UE does not transmit PUCCH format 0 for the case of negative SR. Figure 2 illustrates CS mapping for SR for UEs. As illustrated in figure 2, maximum 12 UEs can be multiplexed on a given PRB. 
[image: ]
Fig. 2	Cyclic shift mapping for SR-only.
Proposal 2:
· For SR transmission, one CS of one PRB is allocated to a UE. 
· The UE transmits PUCCH format 0 with the given CS of the PRB for the case of positive SR; while the UE does not transmit PUCCH format 0 for the case of negative SR.

2.2. Views on multiplexing with DMRS for PUSCH/PUCCH or SRS or long-PUCCH
At the RAN1#90 meeting, following options illustrated in figure 4 [2] are proposed for multiplexing of the short-PUCCH with other UL sequence(s):
· Option 1: CDM with long PUCCH for UCI of up to 2 bits
· Option 2: CDM with DM-RS of short PUCCH for more than 2 bits
· Option 3: IFDM with SRS using comb structure
[image: ]
Fig.3	Options for multiplexing of the PUCCH format 0 with other UL sequence(s) [2].
For option 1 and option 2, target received power can be different between PUCCH format 0 and other UL sequence(s), e.g. DMRS for PUSCH/PUCCH or SRS or long-PUCCH (PUCCH format 1); and hence, near-far problem occurs between PUCCH format 0 and other UL sequence(s). For option 3, there is no near-far problem. However, due to the time limitation of Rel. 15, it is better not to take into account multiplexing PUCCH format 0 and other sequence(s). 
Proposal 3:
· Sequence design should not be taken into account to multiplex with other sequence(s).

3. Base sequence / CS hopping
3.1. PRB/symbol/slot -level base-sequence / CS hopping
In LTE PUCCH, the base sequence hopping was applied on each slot (i.e. 2 base sequence can be used for LTE PUCCH within a sub-frame), and CS hopping was applied on each symbol. However, in NR short PUCCH, the number of symbols is 1 or 2 symbol(s); we should avoid a situation that the same sequence and CS is used on all PRBs of a given symbol of a slot. We believe that in addition to symbol/slot-level base sequence / CS hopping, PRB-level base sequence / CS hopping should be applied.
Proposal 4:
· In addition to symbol/slot-level base sequence / CS hopping, PRB-level base sequence / CS hopping should be applied.

3.2. Detail of PRB/symbol/slot-level base-sequence hopping




The sequence group number  in the virtual slot , which is initialized as ns = 0 at every pre-determined time (i.e. 10 ms regardless of SCS), on the lowest PRB index k of PUCCH on symbol l is defined by a group hopping pattern  and a sequence-shift pattern  according to

,




where the sequence-shift pattern  is given by  and is a configurable ID (e.g. virtual cell ID/cell ID). Sequence-group hopping can be enabled or disabled by cell-specific RRC configuration. The group-hopping patterns  is given by following alternatives,
· Alt. 1: cell-specific RRC parameters enable/disable slot-level, symbol-level, and PRB-level base sequence hopping
· Alt. 2: cell-specific RRC parameters enable/disable only slot/symbol-level base sequence hopping (PRB-level base sequence hopping is always enabled)
· Alt. 3: cell-specific RRC parameters enable/disable only slot-level base sequence hopping (symbol-level, and PRB-level base sequence hopping is always enabled)

· Alt. 1: cell-specific RRC parameters enables/disables slot-level, symbol-level, and PRB-level base sequence hopping

In Alt.1, group hopping pattern is given by

,





where is the number of UL symbols per slot,  is the number of PRBs of cell BW/UL BWP,  is the number of pre-determined scrambling bits, and  is the pseudo-random sequence defined by section 5.2.1 of TS38.211. The pseudo-random sequence generator shall be initialized with  at the beginning of each pre-determined time (i.e. 10 ms regardless of SCS). As shown in above equation, the group hopping can be enabled / disabled in slot/symbol/PRB-level. An example of base sequence hopping of Alt. 1 is shown in figure 4.
[image: ]
Fig. 4  An example of base sequence hopping of Alt. 1.

· Alt. 2: cell-specific RRC parameters enables/disables only slot/symbol-level base sequence hopping (PRB-level base sequence hopping is always enabled)

In Alt.2, group hopping pattern is given by

.
As shown in above equation, the group hopping can be enabled / disabled in slot/symbol-level (PRB-level base sequence hopping is always enabled). An example of base sequence hopping of Alt. 2 is shown in figure 5.
[image: ]
Fig. 5  An example of base sequence hopping of Alt. 2.

· Alt. 3: cell-specific RRC parameters enables/disables only slot-level base sequence hopping (symbol-level, and PRB-level base sequence hopping is always enabled)

In Alt.3, group hopping pattern is given by

.
As shown in above equation, the group hopping can be enabled / disabled in slot -level (symbol/PRB-level base sequence hopping is always enabled). An example of base sequence hopping of Alt. 3 is shown in figure 6.
[image: ]
Fig. 6  An example of base sequence hopping of Alt. 3.

3.3. Detail of PRB/symbol/slot-level CS hopping
At least PUCCH formats 0/1/3/4 (PUCCH format 3/4 is for at least DMRS symbol) can use CS of a base sequence in each symbol. Similar discussion to the above base sequence hopping, CS hopping should be applied on PRB/symbol/slot level. We propose following options:
· Opt. 1. CS index is hopped by symbol/slot level 
· Opt. 2. CS index is hopped by PRB/symbol/slot level

· Opt. 1: CS index is hopped by symbol/slot level



The quantity  varies with the symbol number  on the virtual slot number , which is initialized as ns = 0 at every pre-determined time (i.e. 10 ms regardless of SCS), according to

,






where is the number of UL symbols per slot,  is the number of pre-determined scrambling bits, and  is the pseudo-random sequence defined by section 5.2.1 of TS38.211. The pseudo-random sequence generator shall be initialized with  at the beginning of each pre-determined time (i.e. 10 ms regardless of SCS), where is a configurable ID (e.g. virtual cell ID/cell ID). CS index  is given by

,



where  is initial CS index which is UE-specifically configured by PUCCH resource set, and  is the number of CS per PUCCH (e.g. = 12 for 1 PRB). An example of CS hopping is shown in figure 7. As shown in figure 7, the CS index is hopped in symbol/slot -level (the CS index is the same on all PRBs).
[image: ]
Fig. 7  An example of CS hopping of opt. 1 (CS index = 0 ~ 11).

· Opt. 2: CS index is hopped by PRB/symbol/slot level



The quantity  varies with the symbol number  on the lowest PRB index k of the base sequence for PUCCH on the virtual slot number , which is initialized as ns = 0 at every pre-determined time (i.e. 10 ms regardless of SCS), according to

,







where is the number of UL symbols per slot,  is the number of PRBs of cell BW/UL BWP,  is the number of pre-determined scrambling bits, and  is the pseudo-random sequence defined in section 5.2.1 of TS38.211. The pseudo-random sequence generator shall be initialized with  at the beginning of each pre-determined time (i.e. 10 ms regardless of SCS), where is a configurable ID (e.g. virtual cell ID/cell ID). CS index  is given by

,



where  is initial CS index which is UE-specifically configured by PUCCH resource set, and  is the number of CS per PUCCH (e.g. = 12 for 1 PRB). An example of CS hopping is shown in figure 8. As shown in figure 8, the CS index is hopped in PRB/symbol/slot -level (the CS index can be different on each PRB).
[image: ]
Fig. 8  An example of CS hopping of opt. 2 (CS index = 0 ~ 11).

4. Conclusion
In this contribution, we proposed the design of PUCCH format 0. Following proposals were made:
Proposal 1:
· For simultaneous transmission of HARQ-ACK and SR,
· In case of 1-bit HARQ-ACK & SR,
· Different CS / PRB is used for HARQ-ACK & positive SR or HARQ-ACK & negative SR
· The distance between the two cyclic shifts for 1-bit HARQ-ACK with positive SR within a PRB is 6
· The distance between the two cyclic shifts for 1-bit HARQ-ACK with negative SR within a PRB is 6
· In case of 2-bit HARQ-ACK & SR,
· Different CS / PRB is used for HARQ-ACK & positive SR or HARQ-ACK & negative SR
· The distance between the two cyclic shifts for 2-bit HARQ-ACK with positive SR within a PRB is 3
· The distance between the two cyclic shifts for 2-bit HARQ-ACK with negative SR within a PRB is 3
Proposal 2:
· For SR transmission, one CS of one PRB is allocated to a UE. 
· The UE transmits PUCCH format 0 with the given CS of the PRB for the case of positive SR; while the UE does not transmit PUCCH format 0 for the case of negative SR.
Proposal 3:
· Sequence design should not be taken into account to multiplex with other sequence(s).
Proposal 4:
· In addition to symbol/slot-level base sequence / CS hopping, PRB-level base sequence / CS hopping should be applied.
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