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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Following agreements were made on 2-symbol short-PUCCH in RAN1#89[1].
Agreements:
· For 2-symbol NR-PUCCH
· option 1-1 is supported for sending UCI with up to 2 bits.
· Note that sequence hopping is not precluded for option 1-1
· FFS method for sending UCI with more than 2 bits
· option 2 is not supported.
· Note: The functionality of option 2 can be achieved by two 1-symbol short PUCCHs transmitted on one slot in TDM manner (as already agreed in RAN1#88bis meeting) and therefore it is considered as not necessary to introduce option 2.
Agreements:
· For 2-symbol NR-PUCCH, frequency hopping is supported at least for localized (contiguous) PRB allocation in each symbol
· FFS for distributed (non-contiguous) PRB allocation
This contribution discusses 2-symbol short-PUCCH with UCI of more than 2 bits.
Discussion
There are two options for 2-symbol short PUCCH with UCI of more than 2bits.
· Option 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol PUCCH
· Option 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.
For 2-symbol PUCCH with UCI of up to 2 bits, it was agreed that Option 1-1 is supported. The merit of Option 1-1 would be the application of time-domain OCC to have additional multiplexing capacity. However, it was agreed that frequency hopping is support at least for localized (contiguous) PRB allocation in each symbol. If frequency hopping is applied, the time-domain OCC is not possible. Then, the merit of Option 1-1 would be limited. On the other hand, Option 1-2 would be beneficial from coding rate perspective. Assuming CRC attachment might be needed for UCI with large payload size, Option 1-1 needs CRC attachment for each symbol, and then the coding gain of Option 1-2 is more emphasized. To support 2 options depending on frequency hopping usage might be one possibility but our preference is to have single option for the simplicity.
In addition, from resource utilization perspective, following options could be considered.

	
	Coding rate over 1 symbol
	Coding rate over 2 symbols
	Frequency hopping
	Time-domain OCC

	Option 1-1
	R
	R/2
	Not applied
	Applied

	Option 1-2a
	R
	R/2
	Applied
	Not applied

	Option 1-2b
	2R
	R
	Applied
	Not applied



When comparing Option 1-1 and Option 1-2a, the resource usage of Option 1-2a is 2 times. On the other hand, comparing Option 1-1 and Option 1-2b, resource usage is same between Option 1-1 and Option 1-2b. Assuming total coding rate is order of 1/3, coding rate in one symbol of Option 1-1 becomes high (such as 2/3) and then, Option 1-2b provides better performance because of much coding gain and frequency diversity gain [2]. If total coding rate is very low such as 1/6 or below, almost the same performance can be observed among above options. On the other hand, such coding rate may be the operation condition of long PUCCH. Then, also from resource utilization perspective, when coding rate is adjusted, the same resource utilization is possible even in Option 1-2. Therefore, only Option 1-2 is supported would be sufficient.

Proposal: For 2-symbol short-PUCCH with UCI of more than 2 bits, only Option 1-2 is supported, i.e., UCI is encoded and the encoded UCI bits are distributed across the symbols.

Conclusion
In this contribution, we discussed 2-symbol short-PUCCH with UCI of more than 2 bits. We have the following proposal:
Proposal: For 2-symbol short-PUCCH with UCI of more than 2 bits, only Option 1-2 is supported, i.e., UCI is encoded and the encoded UCI bits are distributed across the symbols.
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