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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. Different PUCCH format can be used in different scenarios, we think all of them should be tested.
Proposal 1: All PUCCH formats including PUCCH format 0/1/2/3/4 should be covered for PUCCH demodulation performance requirements.
2.2   Number of symbols

For short PUCCH format 0/2, we suggest to choose 2 symbols.
For long PUCCH format 1/3/4, the duration is 4-11, it is not necessary to select all number of symbols, it will be duplicated work and put heavy burden to the simulation work, but to ensure the test coverage, we would like to suggest to select 4, 10 and 14 symbols that cover the lower and upper boundary and middle value.

Proposal 2: Choose 2 OFDM symbols for short PUCCH format 0 and 2; Choose 4, 10 and 14 symbols for long PUCCH format 1/3/4.
2.3   Number of PRB

PUCCH format 0: 1 PRB
PUCCH format 1: 1 PRB

PUCCH format 2: QPSK is used,
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 is the number of modulation symbols, 
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 is the number of bits transmitted on the physical channel, so the specific number of PRB is related to the number of payload size and can be configured by higher layer. 
PUCCH-format2 ::= 







SEQUENCE {

nrofPRBs









INTEGER (1..16), 


nrofSymbols









INTEGER (1..2), 


startingSymbolIndex







INTEGER(0..13) 

}
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PUCCH-format3 ::= 







SEQUENCE {

nrofPRBs









INTEGER (1..16), 


nrofSymbols









INTEGER (4..14), 


startingSymbolIndex







INTEGER(0..10) 

}
For the specific number of PRB for PUCCH format 2/3 need to be specified as per the number of symbols and UCI bits.
Proposal 3: The specific number of PRB for PUCCH format 2/3 need to be specified as per the number of symbols and UCI bits.
2.4   Number of UCI bits

If we categorize the number of UCI bits, there are two methods:

· UCI bits ≤2 for PUCCH format 0/1 and UCI bits >2 for PUCCH format 2/3/4;
· Channel coding of small block length for 1 bits, 2 bits and 3-11 bits; Polar coding for UCI bits larger then 11 bits and if (
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As per the above consideration, we suggest that we can consider to set UCI 2 bits for PUCCH format 0/1; 8 bits that is within 3-11bits, 200 bits that is within 12-360 and 500 that is larger than 360.
Proposal 4: Choose UCI 2 bits for PUCCH format 0/1; 8 bits that is within 3-11bits, 200 bits that is within 12-360 and 500 that is larger than 360 for PUCCH format 2/3/4.
2.5   Modulation
BPSK if 
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for PUCCH format 1, QPSK for PUCCH format 2/3/4 and pi/2-BPSK for 3/4 are defined, considering QPSK are mandatory for UL, pi/2-BPSK is optional for FR1 and TBD for FR2, we suggest to use QPSK for PUCCH format 1/2/3/4 demodulation performance requirements.
Proposal 5: Use QPSK for PUCCH format 1/2/3/4 demodulation performance requirements
2.6   Hopping

Frequency hopping:
By following LTE setting that the frequency-hopping is enable by default. In NR, the frequency hopping can be enabled by the higher-layer parameter PUCCH-frequency-hopping, i.e. intraSlotFrequencyHopping = enable, [image: image10.wmf]hop
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Grouping and sequence hopping by setting high-layer parameter pucch-GroupHopping to “neither”, “enable” and “disable” where:

· “neither” implies neither group or sequence hopping is enabled.

· “enable” implies that group is enabled and sequence hopping is disabled.

· “disable” implies that group is disabled and sequence hopping is enabled.

To simplify the test and can compare the performance between NR and LTE, we suggest to set pucch-GroupHopping to “neither”.
Cyclic shift hopping: it is always enable as per the core specification.
Proposal 6: During the test setup for the hopping:

- Enable the frequency hopping by setting intraSlotFrequencyHopping = enable

- Disable the grouping and sequency hopping by setting pucch-GroupHopping to “neither”
2.7   DMRS pattern

As per section 6.4.1.3 in TS 38.211 DMRS for PUCCH, we can know get the following DMRS pattern for different PUCCH format other than PF0:

PUCCH format 1:

Table 6.4.1.3.1.1-1: Number of DM-RS symbols and the corresponding 
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	PUCCH length, 

[image: image13.wmf]PUCCH,1

symb

N


	
[image: image14.wmf]PUCCH,1

SF,

m

N

¢



	
	No 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
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, the DMRS is only located in the even symbol position, for the yellow highlighted PUCCH length 4/10/14, the corresponding specific DMRS pattern is shown below:
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Figure 1: DM-RS pattern for PUCCH format 1 with no intra-slot hopping for PUCCH length 4, 10 and 14.

PUCCH format 2:
The DMRS is located in subcarrier #1, 4, 7 and 10 in each RB as per core specification:

[image: image20.wmf]1

3

)

(

PUCCH,2

)

,

(

,

+

=

=

m

k

m

r

a

p

l

k

b

m

, the specific DMRS pattern is shown below:
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Figure 2: DM-RS pattern for PUCCH format 2
PUCCH format 3/4:
As per the core specification, the DMRS positions for different PUCCH length:
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
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Figure 3: DMRS pattern with no hopping and no additional DM-RS
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Figure 4: DMRS pattern with no hopping and additional DM-RS

For PUCCH format 4, we need to give spreading factor 
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 = 2 or 4 during the simulation, it affects the number of UCI bits in one symbol.
Proposal 7: Use the above DM-RS pattern for different PUCCH formats and different PUCCH lengths
2.8   Test metric
Consider SR is always transmitted with HARQ-ACK, from demodulation performance point of view, no difference for the bits to standard for HARQ-ACK/SR and CSI, so test for HARQ-ACK/SR only and CSI (CSI not of two parts) has no difference, it is not necessary to distinguish them.
For NR PUCCH, as per the payload size, there are different channel coding methods:

· Encoding of 1-bit information
· Encoding of 2-bit information
· Encoding of other small block lengths with 
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· Polar code if A >=12
· If (
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, i.e. Segmentation and CRC check is performed
We suggest that setting different test metric as per the real payload size is more reasonable:

1 -11 bits with channel coding of small block lengths reuse the existing LTE test metric: 1% DTX to ACK and 1% ACK missed detection; 
Larger than 11 bits with Polar coding use the 1% BLER.
With the above setting, for PUCCH format 2/3/4: UCI bits 3-11 will have DTX-ACK and ACK missed detection test metric; for UCI larger than 11 will have BLER test metric. To reduce the simulation burden, we can set test metric of 1% DTX to ACK and 1% ACK missed detection for UCI 1-2bits and 1% BLER for UCI bits larger than 2 bits, also considering CSI will be transmitted for 3-11 bits case.

Proposal 8: Set the test metric as:

· Use 1% DTX to ACK and 1% ACK missed detection test metric for payload size of 1-11 bits; Use 1% BLER for payload bits size larger than 11 bits; or
· Use 1% DTX to ACK and 1% ACK missed detection test metric for payload size of 1-2 bits; Use 1% BLER for payload bits size larger than 2 bits.
3   Proposals
In this contribution, we further analyses the RAN1 agreements about UE further NB-IoT enhancements[1] for TDD, and give our proposals are:

Proposal 1: All PUCCH formats including PUCCH format 0/1/2/3/4 should be covered for PUCCH demodulation performance requirements.
Proposal 2: Choose 2 OFDM symbols for short PUCCH format 0 and 2; Choose 4, 10 and 14 symbols for long PUCCH format 1/3/4.
Proposal 3: The specific number of PRB for PUCCH format 2/3 need to be specified as per the number of symbols and UCI bits.
Proposal 4: Choose UCI 2 bits for PUCCH format 0/1; 8 bits that is within 3-11bits, 200 bits that is within 12-360 and 500 that is larger than 360 for PUCCH format 2/3/4.
Proposal 5: Use QPSK for PUCCH format 1/2/3/4 demodulation performance requirements
Proposal 6: During the test setup for the hopping:

- Enable the frequency hopping by setting intraSlotFrequencyHopping = enable

- Disable the grouping and sequency hopping by setting pucch-GroupHopping to “neither”
Proposal 7: Use the DM-RS pattern described in Figure 1/2/3/4 for different PUCCH formats and different PUCCH lengths
Proposal 8: Set the test metric as:

· Use 1% DTX to ACK and 1% ACK missed detection test metric for payload size of 1-11 bits; Use 1% BLER for payload bits size larger than 11 bits; or
· Use 1% DTX to ACK and 1% ACK missed detection test metric for payload size of 1-2 bits; Use 1% BLER for payload bits size larger than 2 bits.
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