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1. Introduction
At RAN4 #57 meeting, PUCCH demodulation requirements for CA scenarios were discussed [1-3]. It was agreed to introduce the performance requirements for both format 1b with channel selection and format 3 for Rel-10. Moreover, it was also pointed out to investigate whether it is sufficient to introduce one generic PUCCH format 3 performance requirements for FDD and TDD [4]. 

Based on the agreements, in this paper, we further discuss the performance measurement for PUCCH and provide our point of views on this issue. And to be able to align simulation results between companies, a set of common assumptions are proposed.
2. RAN1 progress
In this section, we summary some of the RAN1 conclusions related to PUCCH for CA. As can be seen, most of related issues have been decided. 
· Agreements:
· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: 

· Both PUCCH format 1b with channel selection and format 3 (DFT-S-OFDM) are supported

· PUCCH format 1b with channel selection up to 4 A/N bits
· PUCCH format 3 for the full range of A/N bits
· UE is configured by higher layers between PUCCH format 3 and format 1b with channel selection.

· For A/N feedback for TDD with PUCCH Format 3: 
· Mode 1: 

· Supports A/N payload size of up to 20 bits

· If the number of A/N bits to be indicated would be >20, spatial bundling is employed

· No bundling is employed if the number of A/N bits is <=20 bits

· For A/N feedback for TDD with PUCCH Format 1b with channel selection:

· Mode a: If the number of A/N bits to be indicated is <=4, no bundling is used

· Mode b: Spatial bundling with time-domain bundling is used if the number of A/N bits to be indicated would be >4

· Mapping table for FDD was agreed.
· Remaining issue:
· Details of OCC remapping across slots for PUCCH format 3

· For A/N feedback for TDD with PUCCH Format 1b with channel selection:

· The specific solution for time-domain bundling for mode b is TBD
· The mapping table is TBD
3. Performance measurement
It was agreed to evaluate DTX to ACK and ACK missed detection probability for PUCCH format 1b with channel selection. For PUCCH format 3, besides these two measurements, evaluation of NACK to ACK probability may be needed in case of large number of A/N bits. The major methodology for Rel-8 PUCCH format 1a verification can be applied. For ACK missed detection probability, it is similar with Rel-8 that SNR level at target error rate (1%) shall be evaluated. For DTX to ACK probability, it shall not exceed 1% as we defined for Rel-8. However, since multiple A/N bits shall be transmitted on PUCCH for CA purpose, two different definitions of DTX to ACK probability could be used to derive threshold in the simulation, as shown below.
Definition 1:  
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Definition 2:  
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For the first definition, the number of falsely detected ACK bits only normalized by the number of DTX occasions. For the second definition, the number of falsely detected ACK bits normalized by the number of DTX occasions as well as the number of A/N feedback bits. Both of the definition can make sense and can be used in implementation as long as DTX false alarm probability shall fulfil the requirement. Furthermore, it was observed in RAN1 that this does not impact the performance much. To avoid any confusion and for better simulation alignment, we propose to select one of them and be clear which one should be adopted for simulation alignment. From the test simplicity point of view, we slightly prefer the definition 2 that is adequate to derive minimum requirement.
Proposal 1: 

· Adopt definition 2 for DTX to ACK probability.
4. Simulation assumption
· Assumptions reused from Rel-8
Following Rel-8 common simulation assumption shall be reused:

· AWGN noise

· ML channel estimator with real noise estimation

· Perfect timing estimation 
· DM RS sequence group hopping disabled
· The number of ACK/NACK transmission bits on PUCCH
As defined in TR36.808, scenarios with combination of 2 DL CCs are supported for FDD in Rel-10 timeframe. This means up to 4 A/N bits shall be transmitted on PUCCH for FDD. As for TDD, even with 2 DL CCs, more than 4 A/N bits need to be transmitted on PUCCH for some DL/UL configurations. Therefore, defining test case to verify 4 A/N bits transmission on PUCCH is sufficient for FDD, but for TDD, test case with 4 A/N bits can be set as baseline and more than 4 bits could be considered.
According to RAN1 decision mentioned above, for format 1b with channel selection, up to 4 A/N bit transmission can be supported. For format 3, full range of A/N bits and up to 20bits can be supported. Hence, we propose to consider test case with 4 A/N bits for format 1b with channel selection and format 3 applying for both FDD and TDD. In addition, since the mapping table for channel selection is different from FDD and TDD, we should provide simulation results for FDD and TDD respectively. Unless similar results can be achieved we can derive a generic requirement, otherwise, performance requirements should be separate for FDD and TDD.
Proposal 2: 
· Test case with [4] A/N bits for format 1b with channel selection and format 3 should be defined for both FDD and TDD
· Propagation conditions and cyclic prefixed length

Carrier aggregation would be deployed in both low dispersive environments (hotspots) and regular macro cells with potentially more dispersive channels. Therefore we think it is importance to evaluate both cases. Channel models used in Rel-8 can be reused. In order to reduce the number of tests but also keep a good coverage, subset of these models can be chosen to derive performance requirement for CA. The cyclic prefix can be normal or extended. Table below outlines the suggested combinations of channel models and CP types to be tested.  
	
	Propagation model

	CP length
	EPA 5Hz
	EVA 70Hz
	ETU 70 Hz
	ETU 300 Hz

	Normal
	
	
	
	

	Extended
	
	
	
	


Proposal 3: 

· EPA 5Hz, EVA 70Hz and ETU 300Hz for normal CP and ETU 70Hz for extended CP, respectively.
· Channel bandwidths

It should be noted that it is necessary to develop requirements for each bandwidth that an eNodeB support. However, for CA scenario, only a part of bandwidth shall be deployed at least in Rel-10 timeframe. It is proposed to develop requirements for the channel bandwidths of CA scenario. The typical channel bandwidth for CA scenario is 10MHz, 15MHz and 20MHz. So in order to reduce the simulation efforts, we suggest that 10MHz bandwidth should be used for alignment. The performance with 15MHz and 20MHz also need to be specified although similar results can be expected. The requirements for other bandwidth can be extended follow the same principle if necessary.
Proposal 4: 

· Requirements with 10MHz, 15MHz and 20MHz channel bandwidth should be define; 10MHz bandwidth can be used for alignment at first stage.
· Antenna configuration
For Single transmit antenna, 1x2, 1x4 should be considered as baseline.
Due to the introduction of UL-MIMO, its functionality together with UL CA shall be evaluated as well. For PUCCH format 3, SORTD scheme was accepted for transmissions with two antenna ports. However, there remains the issue whether SORTD for PUCCH format 3 is optional in Rel-10. For PUCCH format 1b with channel selection, transmit diversity scheme is under discussion in RAN1. Therefore, the requirements for transmit diversity could be decided later until corresponding RAN1 conclusions are available.
Proposal 5: 

· For single-antenna port mode, requirements for 1x2 and 1x4 should be defined.
5. Conclusion
In this contribution, we have following proposals:

Proposal 1: 

· Adopt definition 2 to derive threshold, that is
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Proposal 2: 
· Test case with [4] A/N bits for format 1b with channel selection and format 3 should be defined for both FDD and TDD
Proposal 3: 

· EPA 5Hz, EVA 70Hz and ETU 300Hz for normal CP and ETU 70Hz for extended CP, respectively.

Proposal 4: 

· Requirements with 10MHz, 15MHz and 20MHz channel bandwidth should be define; 10MHz bandwidth can be used for alignment at first stage.
Proposal 5: 

· For single-antenna port mode, requirements for 1x2 and 1x4 should be defined;

We recommend the suggested simulation assumptions could be taken into account when define the performance requirements for CA PUCCH. Text proposal is also given.
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[CA BS TR Text Proposal: PUCCH performance]
8.3
Performance requirements for PUCCH
8.3.1
DTX to ACK performance

The definition of DTX to ACK probability for multiple A/N bits for CA purposes is shown below:
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Where 

· 
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For BS not supporting CA, current DTX to ACK definition is to be reused. 
[Unchanged section omitted]

8.3.5 ACK missed detection requirements for format 1b with channel selection

The ACK missed detection probability is the probability of not detecting an ACK when an ACK was sent. The number of ACK/NACK bits is equal to 4.
8.3.5.1 Minimum requirements
8.3.5.1.1 FDD
The ACK missed detection probability shall not exceed 1% at the SNR given in table 8.3.5.1-1. 
Table 8.3.5.1-1 Minimum requirements for format 1b with channel selection
	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	10 MHz
	15MHz
	20MHz

	2
	Normal
	EPA 5
	
	
	

	
	
	EVA 70
	
	
	

	
	
	ETU 300
	
	
	

	
	Extended
	ETU 70
	
	
	

	4
	Normal
	EPA 5
	
	
	

	
	
	EVA 70
	
	
	

	
	
	ETU 300
	
	
	

	
	Extended
	ETU 70
	
	
	


8.3.5.1.2 TDD
The ACK missed detection probability shall not exceed 1% at the SNR given in table 8.3.5.1-2. 

Table 8.3.5.1-2 Minimum requirements for format 1b with channel selection
	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	10 MHz
	15MHz
	20MHz

	2
	Normal
	EPA 5
	
	
	

	
	
	EVA 70
	
	
	

	
	
	ETU 300
	
	
	

	
	Extended
	ETU 70
	
	
	

	4
	Normal
	EPA 5
	
	
	

	
	
	EVA 70
	
	
	

	
	
	ETU 300
	
	
	

	
	Extended
	ETU 70
	
	
	


8.3.6 ACK missed detection requirements for format 3

The ACK missed detection probability is the probability of not detecting an ACK when an ACK was sent. The number of ACK/NACK bits is equal to [4].
8.3.6.1 Minimum requirements

The ACK missed detection probability shall not exceed 1% at the SNR given in table 8.3.5.1-1. The requirements are applied for both FDD and TDD.
Table 8.3.6.1-1 Minimum requirements for format 3
	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	10 MHz
	15MHz
	20MHz

	2
	Normal
	EPA 5
	
	
	

	
	
	EVA 70
	
	
	

	
	
	ETU 300
	
	
	

	
	Extended
	ETU 70
	
	
	

	4
	Normal
	EPA 5
	
	
	

	
	
	EVA 70
	
	
	

	
	
	ETU 300
	
	
	

	
	Extended
	ETU 70
	
	
	


[End of CA BS TR Text Proposal: PUCCH performance]
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