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1 Introduction
The core part of the Rel-13 eCA WI [1] has been completed in RAN#70. The work on the performance part has been started in RAN4#78. One area of the performance work is to define BS demod requirements for the new PUCCH format(s) introduced to support up to 32CC. 

Based on the discussions, a WF [2] was agreed in RAN4#78 which includes the main points as copied below, as well as some simulation assumptions for evaluation.  

	· BS demod performance requirements for PUCCH format 4 are defined in Rel-13.
· It is open whether to define performance requirements for PUCCH format 5 in Rel-13 
· Companies are encouraged to provide performance comparison between PF4 and PF5 in RAN4#78bis
· BS demod performance requirements are defined as the SNR levels to achieve

· Option 1: 99% CRC pass rate in presence of signal, or 

· Option 2: 1% BLER in presence of signal, or 

· Option 3: 1% missed ACK rate.

· The requirements apply regardless whether the message contents include HARQ-ACK, or P-CSI, or both.

· Following payload sizes are used for the simulation evaluations.
· 24bits
· 48bits
· 128bits


In this paper, we will provide our simulation results based on the agreed assumptions, and based on the results we will also address the remaining open issues that need to be decided for defining the BS demod performance requirements for the new PUCCH formats.   
2 Discussion
In our understanding there are 3 open issues to be decided before RAN4 can define the performance requirements for the new PUCCH formats,
· The performance metric to be used in the requirements

· Whether to define requirements for PF5

· The payload size to be used in the requirements 

· PRB number
Performance metric
3 options are listed in [2] that are considered to be used in the performance requirements. In RAN4#78, it is commonly understood that DTX->ACK and NAK->ACK, which are used in the existing requirements for HARQ-ACK on PUCCH, are less limiting compared to the listed 3 metrics, due to the use of CRC in PF4 and PF5. 
Among the 3 options, it is obvious that option 1 and option 2 are very similar, as the probability of the event where block error occurs but CRC is passed is rather low. Among those 2 options, we slightly prefer option 2, since it is already used in the existing requirements for CSI on PUCCH. 

As CRC is used, we understand the “missed ACK” in option 3 should include the following two cases when the ACK bit is transmitted:

· CRC check fails

· NAK is detected after CRC check is passed
The numerical value between option 2 and option 3 might be different, because missed ACK is per bit statistic. If a bit error is detected via CRC, it will cause bit errors of all the other bits in the same block and also a block error; if a bit error is not detected via CRC, it will only cause a block error but other bits in the same block are still counted as correct. Therefore, missed ACK should be smaller than BLER, but the difference should be small as the most of the bit errors are detected via CRC.
Table 1 and Table 2 below show our simulation results for 24 and 48 bits, Table 1 is collecting using option 2 and Table option 3. It can be seen that out of the 36 cases, there is differences in 2 cases, and the difference is only 0.1dB. 
Table 1: SNR @1% BLER for PF4
	Number of Tx antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions and correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	
	10 MHz
	15MHz
	20MHz

	
	
	
	
	24bits
	48bits
	24bits
	48bits
	24bits
	48bits

	1
	2
	Normal
	EPA 5 Low
	0.1
	2.2
	-0.1
	1.9
	-0.1
	1.8

	
	
	
	EVA70 Low
	0.4
	2.4
	0.1
	2.2
	0.2
	2.2

	
	4
	Normal
	EPA 5 Low
	-3.9
	-2.1
	-3.7
	-1.9
	-4.1
	-2.3

	
	
	
	EVA70 Low
	-3.8
	-2.0
	-3.9
	-2.1
	-3.9
	-2.1

	
	8
	Normal
	EPA 5 Low
	-7.0
	-5.4
	-7.1
	-5.5
	-7.1
	-5.4

	
	
	
	EVA70 Low
	-6.9
	-5.2
	-7.1
	-5.4
	-6.9
	-5.4


Table 2: SNR @1% missed ACK rate for PF4
	Number of Tx antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions and correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	
	10 MHz
	15MHz
	20MHz

	
	
	
	
	24bits
	48bits
	24bits
	48bits
	24bits
	48bits

	1
	2
	Normal
	EPA 5 Low
	0.1
	2.2
	-0.1
	1.9
	-0.1
	1.8

	
	
	
	EVA70 Low
	0.4
	2.4
	0.1
	2.2
	0.2
	2.2

	
	4
	Normal
	EPA 5 Low
	-3.9
	-2.1
	-3.7
	-1.9
	-4.1
	-2.2

	
	
	
	EVA70 Low
	-3.8
	-2.0
	-3.9
	-2.1
	-3.9
	-2.1

	
	8
	Normal
	EPA 5 Low
	-7.1
	-5.4
	-7.1
	-5.5
	-7.1
	-5.4

	
	
	
	EVA70 Low
	-6.9
	-5.2
	-7.1
	-5.4
	-6.9
	-5.4


Observation: The difference between the performance metric option 2 and option 3 is rather minor. 
Considering above observation and the agreement that “The requirements apply regardless whether the message contents include HARQ-ACK, or P-CSI, or both”, we prefer to use option 2 as the performance metric to be used in the requirements. This would avoid the redundant separate test cases for HARQ-ACK and CSI, as option 3 is only valid for HARQ-ACK. 
Proposal 1: Use option 2 (SNR to achieve 1% BLER) as the performance metric for the BS demod requirements for new PUCCH formats.
PF5
Taking option 2 as the assumption, next we will analyse the performance different between PF4 and PF5. Table 3 shows our results. It can be observed that the difference ranges from 0.1 to 0.8dB, and on average is 0.5dB. Considering the implementation margin and test tolerance, and also the fact that PF5 is optional feature for UE, our view is that there is no need to define performance requirements for PUCCH format 5 in Rel-13.  
Table 3: Performance difference between PF4 and PF5 
	Number of Tx antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions and correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	
	10 MHz
	15MHz
	20MHz

	
	
	
	
	24bits
	48bits
	24bits
	48bits
	24bits
	48bits

	1
	2
	Normal
	EPA 5 Low
	0.4
	0.7
	0.3
	0.8
	0.1
	0.6

	
	
	
	EVA70 Low
	0.2
	0.7
	0.3
	0.7
	0.4
	0.8

	
	4
	Normal
	EPA 5 Low
	0.2
	0.5
	0.2
	0.4
	0.3
	0.4

	
	
	
	EVA70 Low
	0.3
	0.5
	0.2
	0.5
	0.2
	0.5

	
	8
	Normal
	EPA 5 Low
	0.2
	0.3
	0.2
	0.4
	0.2
	0.3

	
	
	
	EVA70 Low
	0.2
	0.3
	0.3
	0.3
	0.1
	0.4


Proposal 2: BS demod requirements are only defined for PF4 in Rel-13.
Payload size
3 options are listed in [2] that are considered to be used in the performance requirements. 24 and 48 bits are possible UCI payload sizes with ≤5CC band combinations (those already defined by RAN4 RF in Rel-13). 128 bits, however, corresponds to >5CC band combination and we don’t have such a combination in Rel-13. In RAN4 we usually do not define performance requirements based on non-existing band combinations. On the other hand, the BS demod requirement is not depending on any RF architecture, so there should be no impact to BS implementation whether the requirement is included in Rel-13 or not. Therefore, we do not have strong view and are open to hear opinions from other companies, but the issue should be decided in this meeting to progress the work.
Proposal 3: RAN4 should decide in RAN4#78bis whether to define BS demod requirements for 128bits in Rel-13.
PRB number
The PRB number is left as FFS in [2]. In our understanding, the selected PRB number should make sure reasonable code rate is used in the requirements. For 24 and 48 bits, it is obvious that 1PRB should be used and this is also the typical network configuration. For 128 bits, Table 4 shows our results for 1PRB and 2PRB.  

Table 3: Performance difference between PF4 and PF5
	Number of Tx antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions and correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	
	10 MHz
	15MHz
	20MHz

	
	
	
	
	1PRB
	2PRB
	1PRB
	2PRB
	1PRB
	2PRB

	1
	2
	Normal
	EPA 5 Low
	6.7
	3.1 
	6.4
	2.8 
	6.3
	2.7 

	
	
	
	EVA70 Low
	6.9
	3.4 
	6.7
	3.0 
	6.8
	3.0 

	
	4
	Normal
	EPA 5 Low
	1.7
	-1.6 
	2.0
	-1.2 
	1.3
	-1.7 

	
	
	
	EVA70 Low
	1.8
	-1.3 
	1.7
	-1.4 
	1.7
	-1.6 

	
	8
	Normal
	EPA 5 Low
	-2.1
	-5.0 
	-2.0
	-4.9 
	-1.9
	-5.0 

	
	
	
	EVA70 Low
	-1.9
	-4.8 
	-2.0
	-4.9 
	-1.9
	-4.9 


We don’t have strong view, but slightly prefer to use 2PRB, if requirements for 128bits are to be defined in Rel-13. Using 1PRB would require up to 6.9dB SNR with 2RX, which is unachievable for a large portion of UEs in a cell with a typical deployment. 

Proposal 4: Use 1PRB for the performance requirements for 24bits and 48bits, and use 2PRB for 128bits if to be defined in Rel-13.   
3 Conclusions 

In this paper, we addressed the remaining open issues for the BS demod requirements for new PUCCH formats, based on our simulation results.
We have the following observation and proposals.

Observation: The difference between the performance metric option 2 and option 3 is rather minor.
Proposal 1: Use option 2 (SNR to achieve 1% BLER) as the performance metric for the BS demod requirements for new PUCCH formats.

Proposal 2: BS demod requirements are only defined for PF4 in Rel-13.
Proposal 3: RAN4 should decide in RAN4#78bis whether to define BS demod requirements for 128bits in Rel-13.
Proposal 4: Use 1PRB for the performance requirements for 24bits and 48bits, and use 2PRB for 128bits if to be defined in Rel-13.   
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