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1. Introduction

In RAN4 #57AH Austin meeting, simulation assumptions of PUCCH format 1a and 2 with SORTD has been approved to provide UL MIMO performance requirement [1]. However, the discussions on PUCCH format 3 with SORTD were left open because of unclearness in RAN1 specification [2, 3]. On the other hand, RAN4 has currently agreed simulation assumptions of PUCCH format 3 with single transmit antenna for CA performance requirements [4] and RAN1 has proceeded further detailed specification based on support of SORTD for PUCCH format 3 [6, 7]. In this contribution, we propose simulation assumptions of PUCCH format 3 with SORTD for UL-MIMO performance requirements and propose a subset of test cases.
2. Discussion

The simulation assumptions of PUCCH format 3 with SORTD have been left open while that of other PUCCH formats with SORTD have been agreed in the previous meeting. On the other hand, simulation assumptions of PUCCH format 3 with single transmit antenna have been agreed during the CA discussions in the previous meeting. It means that RAN4 has been well prepared to discuss simulation assumptions of both PUCCH format 3 and SORTD scheme together to provide BS performance requirements. In addition, RAN1 has proceeded further detailed specification based on concrete agreement introducing SORTD for PUCCH format 3. Based on aforementioned considerations, it is suggested to provide the performance requirement of PUCCH format 3 with SORTD in UL-MIMO. Moreover, as for PUCCH format 3, we are a little bit way behind the UL-MIMO work plan in [5], so it should be discussed in parallel with CA.
Proposal 1: It is suggested to provide the performance requirement of PUCCH format 3 with SORTD in UL-MIMO and it should be discussed in parallel with CA.

From CA perspectives, it has been agreed to carry out PUCCH transmission on single CC as UL feedback for 2 DL CCs. Since there is no difference between CA and UL-MIMO simulations for the PUCCH transmission using single CC, it is straightforward to reuse the CA simulation assumptions agreed in [4] to define CA specific parameters in UL-MIMO simulations.
Proposal 2: For the simulation of PUCCH format 3 with SORTD in UL-MIMO, it is suggested to reuse simulation assumptions for CA BS demodulation requirements except antenna configurations.
In [1], for the simulation assumption of other PUCCH formats with SORTD, it has been agreed that two adjacent resources within a PRB (and within an orthogonal code cover for PUCCH format 1a) are used for different resources for SORTD. For PUCCH format 3, it is suggested that two adjacent orthogonal resources within same PRB are used for SORTD. Unlike the other PUCCH formats, however, the structures between RS and data symbols are different in PUCCH format 3. So, it seems reasonable that the used resources are defined, separately. Table 1 shows the relationship of orthogonal resource index between RS and data symbols for PUCCH format 3 as agreed in RAN 1[8, 9]. 
Table 1. The relationship of orthogonal resource index between RS and data symbols in PUCCH format 3
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Proposal 3: For the simulation of PUCCH format 3 with SORTD in UL-MIMO, it is suggested that two adjacent orthogonal resources within same PRB are used while considering the relationship of orthogonal resource index between RS and data symbols in Table 1.
3. Simulation assumptions of PUCCH format 3 with SORTD
Table 2 shows simulation assumptions of PUCCH format 3 with SORTD and the assumptions are captured from the two agreed simulation assumptions in [1, 4].
Table 2. Simulation assumptions of PUCCH format 3 with SORTD
	Parameters
	Value/Description
	Remaining Issues

	Performance measure
	ACK false alarm (1%)

ACK missed detection (1%)

[NACK to ACK ([0.1%])]
	NACK to ACK performance necessity to be evaluated based on the initial simulation results.

	ACK false alarm definition
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	Duplex mode
	TDD
	FDD is FFS 

	UL control feedback size
	For TDD, [4 A/N bits with single RM] and 16 A/N bits with dual RM
	Use of fixed codeword A/N bits is FFS.

	ACK repetition
	Disable
	

	DM-RS sequence group hopping
	Disable
	

	Propagation channel
	EPA5, EVA70
	

	CP
	Normal
	Extended CP is FFS 

	BW limitation
	10, 15, 20 MHz
	5MHz channel BW to be considered also after specification of applicable CA scenarios.

	Carrier frequency
	2.0 GHz
	

	Signal BW
	180KHz
	

	# PRBs for PUCCH
	1
	

	# UEs
	1
	

	Antenna configuration
	2x2 and 2x4 with Low correlation
	

	UE Antenna gain imbalance
	Disable
	

	Timing estimation
	Perfect
	

	Noise model
	AWGN
	

	Channel estimation
	ML channel estimator with real noise estimation
	

	Frequency domain equalizer
	MMSE
	


Table 3 and 4 show initial test cases of PUCCH format 3 with SORTD. Note that these test cases are defined for TDD duplex mode and the ideal simulation results shall be provided first. 
Table 3. Test cases of PUCCH format 3 with 4A/N bits

	Antenna configuration and correlation matrix
	Cyclic Prefix
	Propagation Conditions (Annex B)
	Channel Bandwidth / SNR [dB]

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

	2x2 Low
	Normal
	EPA 5
	-
	-
	-
	TBD
	TBD
	TBD

	
	
	EVA70
	-
	-
	-
	TBD
	TBD
	TBD

	2x4 Low
	Normal
	EPA 5
	-
	-
	-
	TBD
	TBD
	TBD

	
	
	EVA70
	-
	-
	-
	TBD
	TBD
	TBD


Table 4. Test cases of PUCCH format 3 with 16A/N bits
	Antenna configuration and correlation matrix
	Cyclic Prefix
	Propagation Conditions (Annex B)
	Channel Bandwidth / SNR [dB]

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

	2x2 Low
	Normal
	EPA 5
	-
	-
	-
	TBD
	TBD
	TBD

	
	
	EVA70
	-
	-
	-
	TBD
	TBD
	TBD

	2x4 Low
	Normal
	EPA 5
	-
	-
	-
	TBD
	TBD
	TBD

	
	
	EVA70
	-
	-
	-
	TBD
	TBD
	TBD


Proposal 4: It is suggested to provide ideal simulation results of PUCCH format 3 with SORTD based on the simulation assumptions in Table 2 and the test cases in Table 3 and 4. 

4. Conclusion

In this contribution, we have discussed simulation assumptions and initial test cases of PUCCH format 3 with SORTD and it is suggested to take the following proposals into account in UL-MIMO discussions.

Proposal 1: It is suggested to provide the performance requirements of PUCCH format 3 with SORTD in UL-MIMO and it should be discussed in parallel with CA.
Proposal 2: For the simulation of PUCCH format 3 with SORTD in UL-MIMO, it is suggested to reuse simulation assumptions for CA BS demodulation requirements except antenna configurations.
Proposal 3: For the simulation of PUCCH format 3 with SORTD in UL-MIMO, it is suggested that two adjacent orthogonal resources within same PRB are used while considering the relationship of orthogonal resource index between RS and data symbols in Table 1.
Proposal 4: It is suggested to provide ideal simulation results of PUCCH format 3 with SORTD based on the simulation assumptions in Table 2 and the test cases in Table 3 and 4. 
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