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1   Background
In RAN4#78 meeting, R4-161221 provided the WF for simulation assumption to provide simulation results for calibration in RAN4#78bis. Based on those simulation assumptions,  in this contribution, we provided our simulation results for PUCCH format 4 and also give our observations and proposes accordingly.
2   Discussion

As per the simulation assumptions provided in R4-161221, we give the following combinations simulation results. Except the payload bits options 24, 48 and 128, we also include payload bits 64 simulation results considering the maximum FDD payload size:
	Cyclic Prefix
	Propagation conditions
	Number of RX antennas
	UCI Bits
	PRB number
	Channel Bandwidth

	Normal
	EPA5
	2
	24
	1, 2, 3, 4, 5, 6, 8
	10MHz

	
	
	
	48
	1, 2, 3, 4, 5, 6, 8
	

	
	
	
	64
	1, 2, 3, 4, 5, 6, 8
	

	
	
	
	128
	1, 2, 3, 4, 5, 6, 8
	

	
	
	4
	24
	1, 2, 3, 4, 5, 6, 8
	

	
	
	
	48
	1, 2, 3, 4, 5, 6, 8
	

	
	
	
	64
	1, 2, 3, 4, 5, 6, 8
	

	
	
	
	128
	1, 2, 3, 4, 5, 6, 8
	

	
	
	8
	24
	1, 2, 3, 4, 5, 6, 8
	

	
	
	
	48
	1, 2, 3, 4, 5, 6, 8
	

	
	
	
	64
	1, 2, 3, 4, 5, 6, 8
	

	
	
	
	128
	1, 2, 3, 4, 5, 6, 8
	

	
	EVA70
	2
	24
	1, 2, 3, 4, 5, 6, 8
	

	
	
	
	48
	1, 2, 3, 4, 5, 6, 8
	

	
	
	
	64
	1, 2, 3, 4, 5, 6, 8
	

	
	
	
	128
	1, 2, 3, 4, 5, 6, 8
	

	
	
	4
	24
	1, 2, 3, 4, 5, 6, 8
	

	
	
	
	48
	1, 2, 3, 4, 5, 6, 8
	

	
	
	
	64
	1, 2, 3, 4, 5, 6, 8
	

	
	
	
	128
	1, 2, 3, 4, 5, 6, 8
	

	
	
	8
	24
	1, 2, 3, 4, 5, 6, 8
	

	
	
	
	48
	1, 2, 3, 4, 5, 6, 8
	

	
	
	
	64
	1, 2, 3, 4, 5, 6, 8
	

	
	
	
	128
	1, 2, 3, 4, 5, 6, 8
	


2.1   Simulation results for EPA5 and 1Tx2Rx
Case 1: With 8-bit CRC (only ACK Missed ratio is considered, EPA5, 1Tx2Rx, with PRB number 1, 2, 3, 4, 5, 6 and 8)
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Figure 2.1-1: With 8-bit CRC, ACK Missed ratio vs. SNR, 1Tx2Rx, EPA5, with PRB number 1, 2, 3, 4, 5, 6 and 8
Considering 1% ACK missed ratio, from the above simulation results, we have the following observations:

Observation 2.1-1: 1 PRB has higher SNR value under 1% ACK missed ratio;

Observation 2.1-2: 8 PRB is not a good option considering the allocated PRB numbers and the corresponding SNR value.
Observation 2.1-3: 3 PRB is preference considering the allocated PRB numbers and the corresponding SNR value compared to other PRB numbers.

2.2   Simulation results for EPA5 and 1Tx4Rx
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Figure 2.2-1: With 8-bit CRC, ACK Missed ratio vs. SNR, 1Tx4Rx, EPA5, with PRB number 1, 2, 3, 4, 5, 6 and 8
Considering 1% ACK missed ratio, from the above simulation results, we have the following observations:

Observation 2.2-1: 1 PRB has higher SNR value under 1% ACK missed ratio;

Observation 2.2-2: 8 PRB is not a good option considering the allocated PRB numbers and the corresponding SNR value.

Observation 2.2-3: 3 PRB is preference considering the allocated PRB numbers and the corresponding SNR value compared to other PRB numbers.

2.3   Simulation results for EPA5 and 1Tx8Rx
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Figure 2.3-1: With 8-bit CRC, ACK Missed ratio vs. SNR, 1Tx8Rx, EPA5, with PRB number 1, 2, 3, 4, 5, 6 and 8
Considering 1% ACK missed ratio, from the above simulation results, we have the following observations:

Observation 2.3-1: 1 PRB has higher SNR value under 1% ACK missed ratio;

Observation 2.3-2: 8 PRB is not a good option considering the allocated PRB numbers and the corresponding SNR value.

Observation 2.3-3: 3 PRB is preference considering the allocated PRB numbers and the corresponding SNR value compared to other PRB numbers.
2.4   Simulation results for EVA70 and 1Tx2Rx
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Figure 2.4-1: With 8-bit CRC, ACK Missed ratio vs. SNR, 1Tx2Rx, EVA70, with PRB number 1, 2, 3, 4, 5, 6 and 8
Considering 1% ACK missed ratio, from the above simulation results, we have the following observations:

Observation 2.4-1: 1 PRB has higher SNR value under 1% ACK missed ratio;

Observation 2.4-2: 8 PRB is not a good option considering the allocated PRB numbers and the corresponding SNR value.

Observation 2.4-3: 3 PRB is preference considering the allocated PRB numbers and the corresponding SNR value compared to other PRB numbers.
2.5   Simulation results for EVA70 and 1Tx4Rx
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Figure 2.5-1: With 8-bit CRC, ACK Missed ratio vs. SNR, 1Tx4Rx, EVA70, with PRB number 1, 2, 3, 4, 5, 6 and 8
Considering 1% ACK missed ratio, from the above simulation results, we have the following observations:

Observation 2.5-1: 1 PRB has higher SNR value under 1% ACK missed ratio;

Observation 2.5-2: 8 PRB is not a good option considering the allocated PRB numbers and the corresponding SNR value.

Observation 2.5-3: 3 PRB is preference considering the allocated PRB numbers and the corresponding SNR value compared to other PRB numbers.
2.6   Simulation results for EVA70 and 1Tx8Rx
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Figure 2.6-1: With 8-bit CRC, ACK Missed ratio vs. SNR, 1Tx8Rx, EVA70, with PRB number 1, 2, 3, 4, 5, 6 and 8
Considering 1% ACK missed ratio, from the above simulation results, we have the following observations:

Observation 2.6-1: 1 PRB has higher SNR value under 1% ACK missed ratio;

Observation 2.6-2: 8 PRB is not a good option considering the allocated PRB numbers and the corresponding SNR value.

Observation 2.6-3: 3 PRB is preference considering the allocated PRB numbers and the corresponding SNR value compared to other PRB numbers.
3   Summary
According to the analyses on the simulation results in section 2, we have the following observations and proposals under the 1% ACK missed ratio requirement:

Observation 1: 1 PRB has higher SNR value under 1% ACK missed ratio;

Observation 2: 8 PRB is not a good option considering the allocated PRB numbers and the corresponding SNR value.

Observation 3: 3 PRB is preference which can get the best gain considering the allocated PRB numbers and the corresponding SNR value compared to other PRB numbers.
For the payload size for PUCCH SCell, to make the BS demodulation requirements is applicable to current and even future test, and to minimize the test changes or additions in the future, and consider the maximum number of CC supported by FDD and TDD eNodeB, we suggest that RAN4 use 64 bits for FDD and 128 bits for TDD for the simulation assumptions.

Proposal 1: Choose PRB=3 and Payload bits = 64 for FDD and 128 for TDD for the next simulation assumption.
For the test metric, as per TS 36.104 section 8.3 Performance requirements for PUCCH, we can know the ACK missed detection requirements is a very important requirement, it is also one option listed in R4-161221 WF for BS demodulation requirement for PUCCH format 4. After applied CRC check, ACK missed detection requirement can ensure the better performance. So we propose to use “Option 3: 1% missed ACK rate”. 

Another point is “DTX to ACK performance”, it is a common requirement to all multi user PUCCH cases from section 8.3.1 of TS 36.104, and we think that it should also be applied to PUCCH format 4.
Proposal 2: “ACK missed detection requirement” and “DTX to ACK performance” are used as the test metric for eNodeB performance requirement for PUCCH format 4.
As per the simulation results in section 2, for the SNR values with 3 PRB with Payload bits= 64 for FDD and 128 bits for TDD under EPA5 and EVA70, we have the following proposals for SNR values:
Proposal 3: For FDD considering 3 PRB and 64 payload bits and suggest the following SNR values for calibration:

	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and

correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	1
	2
	Normal
	EPA 5 Low
	
	
	
	-1
	
	

	
	
	
	EVA 70 Low
	
	
	
	0
	
	

	
	4
	Normal
	EPA 5 Low
	
	
	
	-5.5
	
	

	
	
	
	EVA 70 Low
	
	
	
	-5
	
	

	
	8
	Normal
	EPA 5 Low
	
	
	
	-9.5
	
	

	
	
	
	EVA 70 Low
	
	
	
	-5.5
	
	


Proposal 4: For TDD considering 3 PRB and 128 payload bits and suggest the following SNR values for calibration:

	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and

correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	1
	2
	Normal
	EPA 5 Low
	
	
	
	1
	
	

	
	
	
	EVA 70 Low
	
	
	
	2.5
	
	

	
	4
	Normal
	EPA 5 Low
	
	
	
	-3.5
	
	

	
	
	
	EVA 70 Low
	
	
	
	-3
	
	

	
	8
	Normal
	EPA 5 Low
	
	
	
	-7.5
	
	

	
	
	
	EVA 70 Low
	
	
	
	xx
	
	


4   Conclusion/Proposals
In this contribution, we give the simulation results of PUCCH format 4, and our observations and proposals are:

Observation 1: 1 PRB has higher SNR value under 1% ACK missed ratio;

Observation 2: 8 PRB is not a good option considering the allocated PRB numbers and the corresponding SNR value.

Observation 3: 3 PRB is preference considering the allocated PRB numbers and the corresponding SNR value compared to other PRB numbers.
As per the above observations, we have the following proposals:

Proposal 1: Choose PRB=3 and Payload bits = 64 for FDD and 128 for TDD for the next simulation assumption.
Proposal 2: “ACK missed detection requirement” and “DTX to ACK performance” are used as the test metric for eNodeB performance requirement for PUCCH format 4.
Proposal 3: For FDD considering 3 PRB and 64 payload bits and suggest the following SNR values for calibration:

	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and

correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	1
	2
	Normal
	EPA 5 Low
	
	
	
	-1
	
	

	
	
	
	EVA 70 Low
	
	
	
	0
	
	

	
	4
	Normal
	EPA 5 Low
	
	
	
	-5.5
	
	

	
	
	
	EVA 70 Low
	
	
	
	-5
	
	

	
	8
	Normal
	EPA 5 Low
	
	
	
	-9.5
	
	

	
	
	
	EVA 70 Low
	
	
	
	-5.5
	
	


Proposal 4: For TDD considering 3 PRB and 128 payload bits and suggest the following SNR values for calibration:

	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and

correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	1
	2
	Normal
	EPA 5 Low
	
	
	
	1
	
	

	
	
	
	EVA 70 Low
	
	
	
	2.5
	
	

	
	4
	Normal
	EPA 5 Low
	
	
	
	-3.5
	
	

	
	
	
	EVA 70 Low
	
	
	
	-3
	
	

	
	8
	Normal
	EPA 5 Low
	
	
	
	-7.5
	
	

	
	
	
	EVA 70 Low
	
	
	
	xx
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