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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]During last RAN1 meetings [1], the following agreements had been made on short-PUCCH for UCI of up to 2 bits.
	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: 
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]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
[bookmark: OLE_LINK51][bookmark: OLE_LINK50]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:
· 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
[bookmark: OLE_LINK53][bookmark: OLE_LINK52]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 provide our considerations on the mapping from HARQ-ACK/SR to sequences including base sequence and circle shift selection and/or hopping.
Discussion
A new set of CGSs for long PUCCH and short PUCCH was agreed last meeting. But how to select one base sequence from the 30 CGSs, and how to decide the circle shift for HARQ-ACK with or without SR is FFS.
Multiplexing of HARQ-ACK and Scheduling request
In LTE, when PUCCH format 1a/1b multiplexing with scheduling request (SR) is used. If UE transmits positive SR, UE will transmit ACK/NACK on SR resources; if UE transmits negative SR, UE will transmit ACK/NACK on ACK/NACK resources. 
In NR, there are two alternatives for short PUCCH with up to 2 bits multiplexing with SR
Alt 1: The distance between adjacent cyclic shifts for a given SR status (i.e. positive or negative) is given by 6 and 3 for 1 and 2 bits HARQ-ACK, respectively.
In Alt 1, in case of 1-bit HARQ-ACK & SR (positive or negative), the UCI states contains four types. The distance between the two adjacent cyclic shifts within a PRB as shown in Table 1.
Table 1: sequence mapping for 1-bit HARQ-ACK & SR
	UCI
	Cyclic shift

	ACK+ negative SR
	


	ACK+ positive SR
	


	NACK+ negative SR
	


	NACK+ positive SR
	




In Alt 1, in case of 2-bit HARQ-ACK & SR (positive or negative), the UCI states contains eight types and divided into two groups, one group contains HARQ-ACK & negative SR, and the other group contains HARQ-ACK & positive SR. The distance between the two adjacent cyclic shifts for HARQ-ACK with negative SR within a PRB is 3 in Group 1. The distance between the two cyclic shifts for HARQ-ACK with negative SR in Group 1 and same HARQ-ACK with positive SR in Group 2 is 1. As shown in Table 2. 
Table 2: sequence mapping for 2-bit HARQ-ACK & SR
	
	UCI
	Cyclic shift

	Group 1
	{ ACK, ACK}+ negative SR
	


	
	{NACK, ACK} + negative SR
	


	
	{ACK, NACK}+ negative SR
	


	
	{NACK, NACK}+ negative SR
	


	Group 2
	{ ACK, ACK}+ positive SR
	


	
	{NACK, ACK} + positive SR
	


	
	{ACK, NACK}+ positive SR
	


	
	{NACK, NACK}+ positive SR
	




Alt 2: The distance between consecutive cyclic shifts for a given SR status (i.e. positive or negative) is indicated to the UE by its assigned PUCCH resource. For example, HARQ-ACK with positive SR is transmitted with PUCCH resource for SR, and HARQ-ACK with negative SR is transmitted with PUCCH resource for HARQ-ACK. Such it can reuse the circle shift design of PUCCH format 0 with 1-bit/2bit HARQ-ACK that distance between the two cyclic shifts within a PRB is 6, and the distance between any two adjacent cyclic shifts within a PRB is 3 as shown in Table 3. 
Table 3: sequence mapping for 2-bit HARQ-ACK & SR
	
	UCI
	Cyclic shift

	1 TB
	ACK
	


	
	NACK
	


	2 TBs
	{ ACK, ACK}
	


	
	{NACK, ACK}
	


	
	{ACK, NACK}
	


	
	{NACK, NACK}
	




Obviously Alt 1 is with smaller distance than Alt 2 and with higher probability to falsely decode UCI. It is more important to increase the cyclic shift distance especially for UE at the edge of the cell or with bad channel conditions.
So we give the following proposal:
Proposal 1. HARQ-ACK with positive SR is transmitted with PUCCH resource for SR, and HARQ-ACK with negative SR is transmitted with PUCCH resource for HARQ-ACK.
Base sequence hopping
In LTE, it uses group hopping to select base sequence for PUCCH format 1a/1b. Group hopping can be enable or disabled by higher layer signalling. The base sequence depended on a configurable ID is the same in one slot, but may be different for two slots in a subframe.
For PUCCH format 0 in NR, it can use the similar mechanism of group hopping as LTE. In order to randomize inter-cell interference, base sequence hopping are related with different start symbol occasions of PUCCH transmission or different start UL symbol index.

If the base sequence hopping is enabled by cell-specific RRC parameters via RMSI, the hopping pattern 


In this formula, there are two alternatives:


Alt 1: is the duration of PUCCH, and is the start symbol occasions of PUCCH transmission. 


Alt 2: is the duration of UL symbols, and is the start UL symbol index.
Proposal 2. 
Base sequence hopping pattern  defined as 


Cyclic shift hopping
There are total 12 shifts for a base sequence, and it was agreed to support cyclic shift hopping for PUCCH format 0. It is preferred to use the following parameters to determine the cyclic shift.





The first is cell specific cyclic shift  which has same definition as in LTE PUCCH and varies with the symbol number  and the slot number  according to






Where is initialized with, and  is configurable. And can be the duration of PUCCH or the duration of UL symbols.
The second parameter is the number of the first CCE to construct the PDCCH candidate.
The third parameter [image: ] is determined from the HARQ-ACK resource offset field in the DCI, which means dynamic offset is used for derivation of PUCCH resource triggered by PDCCH.

The forth parameter  is the total number of cyclic shifts for ACK or {ACK, ACK}, and two alternatives can be discussed.
Alt. 1: only part of cyclic shifts can be used in 12 cyclic shifts for ACK or {ACK, ACK}, and other HARQ-ACK state can be calculated based on ACK or {ACK, ACK}.
Alt. 2: total 12 cyclic shifts can be used for ACK or {ACK, ACK}, and other HARQ-ACK state can be calculated based on ACK or {ACK, ACK}.
It is preferred to use the following formula to determine the cyclic shift.
Proposal 3. Using this formula to determine the cyclic shift for ACK or {ACK, ACK}


[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following proposals.
Proposal 1. HARQ-ACK with positive SR is transmitted with PUCCH resource for SR, and HARQ-ACK with negative SR is transmitted with PUCCH resource for HARQ-ACK.
Proposal 2. 
Base sequence hopping pattern  defined as 


Proposal 3. Using this formula to determine the cyclic shift for ACK or {ACK, ACK}
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