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1   Background
During RAN4#87 Melbourne meeting, WF[1] about NR BS demodulation performance requirements was approved. The general work methods and scopes were outlined.

In this contribution, we would like to share our view about PUCCH demodulation performance requirements.

2   Discussion
2.1   Format
As per Table 6.3.2.1-1 in TS 38.211, we can know that 5 PUCCH formats are defined:
Table 6.3.2.1-1: PUCCH formats.

	PUCCH format
	Length in OFDM symbols 
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	Number of bits

	0
	1 – 2
	≤2

	1
	4 – 14
	≤2

	2
	1 – 2
	>2

	3
	4 – 14
	>2

	4
	4 – 14
	>2


PUCCH format 0/2 are short PUCCH with 1-2 UL symbols duration around the last transmitted 1/2 UL symbol(s) of a slot; PUCCH format 1/3/4 are long PUCCH with 4-14 UL symbols durations in a slot. In RAN4#78 Busan meeting [2], RAN4 agreed to introduce demodulation performance requirements for PUCCH format 0/1/2/3, FFS for PUCCH format 4. From our understanding, different PUCCH formats can be used in different scenarios, all of them should be tested, especially PUCCH format 4 is suitable for moderate payload size with multiplexing capability using one PRB, the related demodulation performance requirements should be defined. 
Also as per the latest Rel-15 RAN1 NR UE feature list [3] items 4-1, 4-3, 4-4 and 4-5, we can know all PUCCH formats including PUCCH format 4 are mandatory, so in any cases we should not preclude the gNB support of PUCCH format 4.
Proposal 1: Besides PUCCH format 0/1/2/3, demodulation performance requirements for PUCCH format 4 should also be defined.
2.2   Test metric
As per the core specification, channel coding for small block lengths is used for payload size 1-11; Polar coding is used for payload size >= 12bits. CRC L = 6 is used for 
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 and L = 11 is used for 
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, so from this point of view, we think that test metric of 1% DTX to ACK, [0.1% NACK to ACK] and 1% ACK missed detection for payload size of 1-11 bits and test metric of 1% BLER for payload size larger than 11 bits is reasonable.

During RAN1 evaluation, RAN1 just simply use 1% DTX to ACK, 0.1% NACK to ACK and 1% ACK missed detection test metric for payload size of 1-2 bits, and 1% BLER test metric for payload size larger than 2 bits. to simplify the RAN4 work, we think that it is also a feasible way.

Proposal 2: Set the test metric as:

Option 1: Use 1% DTX to ACK, [0.1% NACK to ACK] and 1% ACK missed detection test metric for payload size of 1-11 bits; Use 1% BLER for payload size larger than 11 bits; 
Option 2: Use 1% DTX to ACK, [0.1% NACK to ACK]  and 1% ACK missed detection test metric for payload size of 1-2 bits; Use 1% BLER for payload size larger than 2 bits.
2.3   Test configuration
Another issue is the number of UCI bits and symbols selection for each format: PUCCH format 0/1, the UCI bits<=2 bits, the small block length coding is used, so we think either UCI 1 bit or 2 bits is feasible, as per the way forward in last RAN4#78 meeting, UCI 1 bit for PUCCH format 0 and UCI 2 bits for PUCCH 1 are good way forward; PUCCH format 2/3/4, the UCI bits >2 bits with different UCI bits range (3-11bits and 12-19bits with CRC L=6 and larger than 20bits with CRC L=11) from usage of different coding methods point of view, we think that cases for different ranges should be defined, such as UCI 4bits, 16bits and 22 bits.
As per RAN1 core specification TS 38.213 section 9.2.1: If a UE does not have dedicated PUCCH resource configuration, provided by higher layer parameter PUCCH-ResourceSet in PUCCH-Config, a PUCCH resource set is provided by higher layer parameter pucch-ResourceCommon in SystemInformationBlockType1 through an index to a row of Table 9.2.1-1 for transmission of HARQ-ACK information on PUCCH in an initial active UL BWP of [image: image4.wmf]size
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 PRBs provided by SystemInformationBlockType1.
Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration 
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: image5.wmf]offset
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	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
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	{0, 3, 6, 9}


From the above table, we can know that 2 symbols for PUCCH format 0 is the configuration that UE needs to use for transmission of HARQ-ACK information on PUCCH without dedicated PUCCH resource configuration, we think this configuration for PUCCH format 0 should be supported and related demodulation performance requirements should be defined. 2 symbols for short PUCCH format 0 is selected, then 1 symbol for short PUCCH format 2 can be selected considering the test coverage for 1-2 symbols short PUCCH format; Same logic as format 0, from the above Table 9.2.1-1 from TS 38.213, we can know 4,10 and 14 symbols for PUCCH format 0 should be supported without dedicated PUCCH resource configuration, at the same 4, 10 and 14 symbols cover the smallest, middle and largest number of symbol for long PUCCH formats, we think that all of them should be considered from the test coverage point of view. In a summary, we can list the selection in Table 2.2-1:
Table 2.2-1: Number of symbols and UCI bits selection for PUCCH.
	PUCCH format
	Length in OFDM symbols 
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	Number of bits
	Number of PRBs
	Maximum Code Rate

	0
	2
	1
	1
	N.A.

	1 (Time-domain OCC: 1-7)
	4, 10, 14
	2
	1
	N.A.

	2
	1
	4, 16, 22
	1-16
	{0.08, 0.15, 0.25, 0.35, 0.45, 0.60, 0.80}

	3
	4, 10, 14
	4, 16, 22
	1-6, 8-10,12,15, 16
	

	4 (Pre-DFT OCC: 2,4)
	4, 10, 14
	4, 16, 22
	1
	


Proposal 3: Consider selection the number of OFDM symbols and UCI bits as shown in Table 2.2-1 for each PUCCH format.
2.4   DMRS pattern

PUCCH format 1:
As per the agreements in RAN4#87 meeting, intra-slot frequency hopping is enable, then the DMRS pattern for PUCCH format 1 is decided as yellow highlighted in Table 6.4.1.3.1.1-1 of TS 38.211.
Table 6.4.1.3.1.1-1: Number of DM-RS symbols and the corresponding 
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	PUCCH length, 
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	No intra-slot hopping
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	Intra-slot hopping
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	4
	2
	1
	1

	5
	3
	1
	2

	6
	3
	2
	1

	7
	4
	2
	2

	8
	4
	2
	2

	9
	5
	2
	3

	10
	5
	3
	2

	11
	6
	3
	3

	12
	6
	3
	3

	13
	7
	3
	4

	14
	7
	4
	3


PUCCH format 2:
The DMRS is located in subcarrier #1, 4, 7 and 10 in each RB for PUCCH format 2 is fixed.
PUCCH format 3/4:
With the intra-slot frequency hopping, there are two DMRS pattern with and without additional DM-RS as listed in Table  6.4.1.3.3.2-1 of TS 38.211:

Table 6.4.1.3.3.2-1: DM-RS positions for PUCCH format 3 and 4.

	PUCCH length
	DM-RS position 
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 within PUCCH span

	
	No additional DM-RS
	Additional DM-RS

	
	No hopping
	Hopping
	No hopping
	Hopping

	4
	1
	0, 2
	1
	0, 2

	5
	0, 3
	0, 3

	6
	1, 4
	1, 4

	7
	1, 4
	1, 4

	8
	1, 5
	1, 5

	9
	1, 6
	1, 6

	10
	2, 7
	1, 3, 6, 8

	11
	2, 7
	1, 3, 6, 9

	12
	2, 8
	1, 4, 7, 10

	13
	2, 9
	1, 4, 7, 11

	14
	3, 10
	1, 5, 8, 12


To better reflect the NR PUCCH format 3/4 performance, we think that performance with additional DMRS should be defined.
Proposal 4: Configure additional DM-RS for cases with PUCCH duration larger than 9 symbols for PUCCH format 3/4.
3   Proposals
In this contribution, we further analyses the demodulation performance requirements definition for PUCCH, and give our proposals are:

Proposal 1: Besides PUCCH format 0/1/2/3, demodulation performance requirements for PUCCH format 4 should also be defined.
Proposal 2: Set the test metric as:

Option 1: Use 1% DTX to ACK, [0.1% NACK to ACK] and 1% ACK missed detection test metric for payload size of 1-11 bits; Use 1% BLER for payload size larger than 11 bits; 
Option 2: Use 1% DTX to ACK, [0.1% NACK to ACK]  and 1% ACK missed detection test metric for payload size of 1-2 bits; Use 1% BLER for payload size larger than 2 bits.
Proposal 3: Consider selection the number of OFDM symbols and UCI bits as shown in Table 2.2-1 for each PUCCH format.
Table 2.2-1: Number of symbols and UCI bits selection for PUCCH.
	PUCCH format
	Length in OFDM symbols 
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	Number of bits
	Number of PRBs
	Maximum Code Rate

	0
	2
	1
	1
	N.A.

	1 (Time-domain OCC: 1-7)
	4, 10, 14
	2
	1
	N.A.

	2
	1
	4, 16, 22
	1-16
	{0.08, 0.15, 0.25, 0.35, 0.45, 0.60, 0.80}

	3
	4, 10, 14
	4, 16, 22
	1-6, 8-10,12,15, 16
	

	4 (Pre-DFT OCC: 2,4)
	4, 10, 14
	4, 16, 22
	1
	


Proposal 4: Configure additional DM-RS for cases with PUCCH duration larger than 9 symbols for PUCCH format 3/4.
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