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1. Introduction
[bookmark: _Hlk528680199]In RAN4#96-e meeting, companies got some agreements on NR-U demodulation assumptions and also left some open issues [1]. In this contribution, we will discuss the remaining issues and deliver our opinions on NR-U PUCCH simulation assumptions.

2. Discussion
Issue 1: PUCCH enhanced format
· Option 1: Format 0/1/2/3
· Option 2: Format 0/2
· FFS.
Different PUCCH formats in Rel-15 and Rel-16 have different structures for its transmission purposes, such as different OFDM symbol numbers. In Rel-15, we define requirements for all formats, and the performance are quite different from each other. In that case, we don’t think only test enhanced format 0/2 can cover other formats. That will cause no requirements for enhanced format 1 and 3.  
Proposal 1: Introduce requirements for PUCCH enhanced format 0/1/2/3.

Issue 2: Number of interlaces for PRB-interlaced PUCCH Resource Allocation
· Option 1: Single Interlace
· Option 2: 2 interlaces.
· Not applicable to all PUCCH formats;
· FFS
We think single interlace PUCCH requirements should be introduced for all format 0/1/2/3.  As format 2 and 3 which also support 2 interlace structure, we think it would be good to test them either to make sure BS channel estimation algorithm is stable. Since the interlacing PUCCH transmission is flexible and can be on any interlaces within an RB set, we can choose 2 discontinuous interlaces, for example interlace 0 and 4, for BS performance test. We expect better performance difference of 2 discontinuous than 2 continuous interlaces from channel estimation perspective because wider bandwidth will be covered by discontinuous interlaces.   
Proposal 2: Introduce NR-U PUCCH requirements with single interlace for enhanced format 0/1/2/3.
Proposal 3: Introduce NR-U PUCCH requirements with 2 discontinuous interlaces for enhanced format 2/3.  

Issue 3: Detailed simulation assumptions
[bookmark: _Hlk43884116]To be a start, we can take some of Rel-15 assumptions for NR-U PUCCH demodulation assumptions.
· General assumptions
· SCS: 15kHz and 30kHz
· Channel model
We suggest using TDLA30-10 considering NR-U BS typical deployment, and FFS for TDLB100 and TDLC300 [2]. 
· Antenna configuration
To reduce test effort, only 1Tx2Rx might be enough. But we can accept FFS on other configuration.
· No frequency hopping when using interlace structure for PUCCH transmission.
· Format 0
· Number of UCI bits: 1
The UCI information for enhanced PUCCH is similar to Rel-15. Extension to an interlaced form is done by repetition of the already defined length-12 CGS sequences in each of the PRBs of the interlace. Then we think 1 bit for Rel-15 assumption might be reused. 
· First PRB: 0
· Number of PRBs: 11
If the first PRB is 0, then the first interlace will be used. There are 11 PRBs in the first interlace for both 15kHz and 30kHz.
· Initial cyclic shift: 0
· Number of OFDM symbols: 1
Since no frequency hopping will be enabled, 1 symbol is enough.
· First symbol: 13
· Format 1
· Number of UCI bits: 2
Similar consideration as Format 0.
· First PRB: 0
· Number of PRBs: 11 (same reason as Format 0)
· Initial cyclic shift: 0
· Number of OFDM symbols: 14
· First symbol: 0
· Index of orthogonal cover code (timeDomainOCC): 0
· Format 2
· Modulation order: QPSK
· Number of UCI bits: 4 and/or 16
Except for Rel-15 assumption (4 bits), larger payload might be also considered.
· First PRB
· 1 interlace: 0
· 2 interlaces: 0 and 9 for 15kHz SCS, 0 and 4 for 30kHz SCS
· Number of PRBs
· 1 interlace: 11 
· 2 interlace: 22 for 15kHz SCS, 21 for 30kHz SCS
· Number of OFDM symbols: 1
· First symbols: 13
· Length of OCC: n2 for 1 interlace 
Only 1 interlace support multi-user multiplexing.
· Index of OCC: n0 for 1 interlace
· Format 3
· Modulation order: QPSK
· Number of UCI bits: 16
· First PRB
· 1 interlace: 0
· 2 interlaces: 0 and 9 for 15kHz SCS, 0 and 4 for 30kHz SCS 
· Number of PRBs
· 1 interlace: 10 
· 2 interlace: 20 for both 15kHz and 30kHz SCS
· Number of OFDM symbols: 14
· First symbols: 0
· Length of OCC: n2 for 1 interlace
· Index of OCC: n0 for 1 interlace

Proposal 4: Consider following simulation assumptions for enhanced PUCCH requirements.
· SCS: 15kHz and 30kHz
· Channel model: TDLA30-10
· Antenna Configuration: 1Tx2Rx, FFS on other configurations
· Only using interlacing structure
	Enhanced PUCCH
	Format 0
	Format 1
	Format 2
	Format 3

	Modulation order
	\
	\
	QPSK
	QPSK

	Number of UCI bits
	[1]
	[2]
	[4 and/or 16]

	[16]

	First PRB
	0
	0
	0
	15kHz SCS: 0 and 9, 30kHz SCS: 0 and 4 
	0
	15kHz SCS: 0 and 9, 30kHz SCS: 0 and 4

	Number of PRBs
	11
	11
	11
	15kHz SCS: 22, 30kHz SCS: 21
	10
	20 for both 15kHz and 30kHz SCS

	Initial cyclic shift
	0
	0
	\
	\

	First OFDM symbol
	13
	0
	13
	0

	Number of OFDM symbols
	1
	14
	1
	14

	Index of OCC
	\
	0
	n0
	\
	n0
	\

	Length of OCC
	\
	\
	n2
	\
	n2
	\




3. Conclusion
Issue 1: PUCCH enhanced format
Proposal 1: Introduce requirements for PUCCH enhanced format 0/1/2/3.

Issue 2: Number of interlaces for PRB-interlaced PUCCH Resource Allocation
Proposal 2: Introduce NR-U PUCCH requirements with single interlace for enhanced format 0/1/2/3.
Proposal 3: Introduce NR-U PUCCH requirements with 2 discontinuous interlaces for enhanced format 2/3.  

Issue 3: Detailed simulation assumptions
Proposal 4: Consider following simulation assumptions for enhanced PUCCH requirements.
· SCS: 15kHz and 30kHz
· Channel model: TDLA30-10
· [bookmark: _GoBack]Antenna Configuration: 1Tx2Rx, FFS on other configurations
· Only using interlacing structure
	Enhanced PUCCH
	Format 0
	Format 1
	Format 2
	Format 3

	Modulation order
	\
	\
	QPSK
	QPSK

	Number of UCI bits
	[1]
	[2]
	[4 and/or 16]

	[16]

	First PRB
	0
	0
	0
	15kHz SCS: 0 and 9, 30kHz SCS: 0 and 4 
	0
	15kHz SCS: 0 and 9, 30kHz SCS: 0 and 4

	Number of PRBs
	11
	11
	11
	15kHz SCS: 22, 30kHz SCS: 21
	10
	20 for both 15kHz and 30kHz SCS

	Initial cyclic shift
	0
	0
	\
	\

	First OFDM symbol
	13
	0
	13
	0

	Number of OFDM symbols
	1
	14
	1
	14

	Index of OCC
	\
	0
	n0
	\
	n0
	\

	Length of OCC
	\
	\
	n2
	\
	n2
	\
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