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1. Introduction

In RAN4 #58 Taipei meeting, we proposed PUCCH format 3 with SORTD should also be considered to provide UL-MIMO performance requirement as well as other PUCCH formats supporting SORTD [1]. During the offline discussions in Taipei, we reached a general consensus on the necessity of having PUCCH format 3 with SORTD in UL-MIMO performance requirement, although we couldn’t conclude any further agreements on this item. In this contribution, we have expressed our views on this item to provide more complete UL-MIMO requirement and propose simulation assumptions and test cases to be discussed and to provide a way forward of this item in this group. 
2. Discussion on PUCCH format 3 with SORTD
In our previous contribution [1], we proposed that PUCCH format 3 should be considered in UL-MIMO performance requirement since there is no doubt of supporting SORTD for PUCCH format 3 as well as other PUCCH formats. During the previous meeting in Taipei, there was one raised issue about current workload which is overkill to consider additional test cases of PUCCH formats in support of SORTD. 

However, SORTD as an UL-MIMO feature should be tested for all PUCCH formats to provide complete UL-MIMO requirement, and PUCCH format 3 is the only case that we do not provide performance requirement in UL-MIMO. Even though there is a performance study of PUCCH format 3 in CA WI, but SORTD is not considered. It means that there is no way to provide the SORTD performance of PUCCH forma 3 from the performance study in CA WI. For the same reason, we are currently working on the SORTD performance of other PUCCH formats even though we have already provided the their performance requirements without SORTD. 
In order to conserve our resources and save time, we propose to reduce the number of test cases as much as possible. For example, we may consider only ACK missed detection performance for PUCCH format 3 as well as we have done for PUCCH format 1. Then, considering the simulation assumption of PUCCH format 3 in CA [2, 3], we can only have 24 additional test cases (as well as 24 link level performances) to evaluate the complete SORTD performance and it seems not to be overkill for further progress of the group. Also, we don’t need to spend more time to discuss the simulation assumptions of PUCCH format 3 with SORTD because we already have well organized simulation assumptions for both CA (for PUCCH format 3) and UL-MIMO(for SORTD performance). Also, they are in line with each other, and the only difference will be the number of transmit antennas. Thus, it would better to adopt both simulation assumptions directly for the performance study of this item with small modification.  
If we should conclude this item without performance study because of a shortage of time considering the work plan in RAN4, we need to provide the text which describes PUCCH format 3 supports SORTD as well as other PUCCH formats in TR 36.817 section 8.3, as follows.

“For uplink control channels with PUCCH format 1/1a/1b, format 2/2a/2b and format 3, the spatial orthogonal-resource transmit diversity (SORTD) scheme is supported for transmissions with two antenna ports.” 

3. Proposed simulation assumptions of PUCCH format 3 with SORTD
According to aforementioned discussions, we propose the simulation assumptions of PUCCH format 3 with SORTD as shown in Table 1. The details of the simulation assumptions are captured from the contributions [2, 3] which are agreed in the previous CA discussions. Also, the details are modified to be consistently used in UL-MIMO [1].
Table 1. Simulation assumptions
	Performance measures
	· All below listed measures are to be considered for PUCCH performance requirements:

Measure

Threshold

ACK false alarm
1%

ACK missed detection 

(ACK ( NAK, DTX)

1%, after first transmission

NAK to ACK

0.1%



	ACK false alarm definition
	· Measure definition: 
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· Each falsely received ACK bit will be accounted as one error, for DTX(ACK (i.e. ACK false alarm) performance evaluation. 

· #(ACK/NAK bits) denote the number of encoded bits per subframe

· #(PUCCH DTX) denotes the number of DTX occasions

	ACK missed detection definition
	Each missed ACK bit will be accounted as one error when ACK is sent

	ACK codeword selection
	· Random NAK to ACK codeword selection: picking one out of 2^N codewords with equal probability, where N=#ACK/NAK bits.
· Sequential codeword selection is not excluded

· All codewords from applicable codebook to be considered 

· Ideal simulation results to be revised based on this agreement

	UL feedback size
	4bits, 16bits

	ACK repetitions
	Disabled

	NAK to ACK definition
	· Measure definition: 
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denotes the total number of NAK bits transmitted at the transmitter.
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denotes the number of NAK bits decoded as ACK bits at the receiver, i.e. the number of received ACK bits.

· [NAK bits in the definition do not contain the NAK bits which are mapped from DTX, i.e. NAK bits received when DTX is sent should not be considered.]
· All NAK bits shall be regarded as feedback for incorrectly detected transport blocks.

	NAK codeword selection
	· Random NAK to ACK codeword selection: picking one out of 2^N codewords with equal probability, where N=#ACK/NAK bits.
· Sequential codeword selection is not excluded

· All codewords from applicable codebook to be considered. 

	Propagation conditions
	· EPA5, EVA70
· Propagation channel definitions to be reused from 36.104.

	Cyclic Prefix
	· Normal CP

	Channel BWs
	10, 15, 20MHz

	Carrier definition
	· Carrier frequency: 2.0 GHz

· PUCCH on single CC, UL feedback for 2DL CC’s 

· Signal BW: 180kHz

· Number of PRBs for PUCCH: 1

	PUCCH multiplexing
	· 1UE

· Two adjacent orthogonal resources within same PRB [1]
· The relationship of orthogonal resource index between RS and data symbols [1]
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	Antenna’s configuration
	· UE: 2Tx 

· BS: 2Rx, 4Rx

· Correlation between branches is 0

· No power imbalance between branches

	Channel estimation
	· Noise mode: AWGN

· ML channel estimator with real noise estimation

	Frequency domain equalizer
	MMSE

	Timing estimation
	Perfect timing estimation

	Frequency hopping 
	At slot boundary 

	DM RS frequency hopping 
	Disabled

	Power control 
	Off


4. Proposed test cases of PUCCH format 3 with SORTD
Table 2 and 3 show test cases of PUCCH format 3 with SORTD based on the simulation assumptions in Table 1. If we may consider the ACK missed detection performance only, then there will be only additional 24 tests cases. 
Table 2. Test cases of PUCCH format 3 with 4A/N bits
	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions
	Channel Bandwidth / SNR [dB]

	
	
	
	10 MHz
	15MHz
	20MHz

	2
	Normal
	EPA 5
	
	
	

	
	
	EVA70
	
	
	

	4
	Normal
	EPA 5
	
	
	

	
	
	EVA70
	
	
	


Table 3. Test cases of PUCCH format 3 with 16A/N bits
	Number of RX antennas
	Cyclic Prefix
	Propagation Conditions
	Channel Bandwidth / SNR [dB]

	
	
	
	10 MHz
	15MHz
	20MHz

	2
	Normal
	EPA 5
	
	
	

	
	
	EVA70
	
	
	

	4
	Normal
	EPA 5
	
	
	

	
	
	EVA70
	
	
	


5. Conclusion

In this contribution, we have expressed our views on PUCCH format 3 with SORTD to provide more complete UL-MIMO requirement. Also, we have proposed the simulation assumptions and the test cases of this item to be discussed in this group. For further progress, it is suggested to provide a way forward of this item based on the above discussions in Shanghai meeting.
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