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1
Introduction
This document presents the 31 possible combinations of UL transmissions considering PUSCH, CQI, ACK, SRS, and SR. After several iterations during RAN1#53 and over the email reflector after RAN1#53 and before RAN1#53bis all the UL configurations are defined as shown in Section 2 as already captured in [1]. 
2
Discussion

The table below defines the 31 possible UL transmission configurations with the corresponding UE logic for each of them. 

	Conf #
	Data*
	CQI
	ACK
	SR
	SRS
	Comments

	1
	 
	 
	 
	 
	x
	SRS alone sent on SC-FDMA symbol for SRS transmission (L3 configured)

	2
	 
	 
	 
	x
	 
	SR alone sent on PUCCH resources for SR (L3 configured)

	3
	 
	 
	 
	x
	x
	Considered as a "misconfiguration", hence SRS is dropped unless shortened PUCCH format 1/1a/1b is configured. In this case, SR is transmitted with shortened PUCCH format 1 and SRS is transmitted normally. 

	4
	 
	 
	x
	 
	 
	ACK alone sent on PUCCH resources for ACK (linked to first CCE used for DL assignment)

	5
	 
	 
	x
	 
	x
	eNB chooses one of the following 2 options:
1) Drop the SRS and transmit only the ACK
2) Shortened format of ACK and regular transmission of SRS

	6
	 
	 
	x
	x
	 
	Both transmitted using PUCCH resources for SR modulated by ACK 1-2bits (B/QPSK).

	7
	 
	 
	x
	x
	x
	Based on configuration 3, SRS transmission is dropped unless shortened PUCCH format 1/1a/1b is configured. If SRS transmission is dropped, SR and ACK are transmitted according to configuration 6. If SRS transmission is not dropped, SR and ACK are transmitted using PUCCH resources for SR modulated by ACK 1-2bits (B/QPSK) with a shortened PUCCH format 1a/1b, and SRS is transmitted normally.

	8
	 
	x
	 
	 
	 
	CQI alone sent on PUCCH resources for CQI (L3 configured)

	9
	 
	x
	 
	 
	x
	Considered as a "misconfiguration", hence SRS is dropped. 

	10
	 
	x
	 
	x
	 
	Considered as a "misconfiguration", hence CQI is dropped. 

	11
	 
	x
	 
	x
	x
	Based on configuration 3, SRS transmission is dropped unless shortened PUCCH format 1/1a/1b is configured. If SRS transmission is dropped, SR and CQI are transmitted according to configuration 10 i.e. CQI is also dropped, and hence, only SR is transmitted. If SRS transmission is not dropped, CQI is dropped, SR is transmitted using shortened PUCCH format 1 and SRS is transmitted normally. 

	12
	 
	x
	x
	 
	 
	eNB chooses one of the following 2 options:

1) Drop the CQI and transmit only the ACK

2) Transmit the CQI and the ACK jointly as follows

· Normal CP: ACK modulates the DM-RS of PUCCH for CQI transmission. CQI is transmitted normally on the data portion of its PUCCH resources.
· Extended CP: ACK and CQI are jointly coded and transmitted over PUCCH resources for CQI. 

	13
	 
	x
	x
	 
	x
	Based on configuration 9, SRS transmission is dropped, and ACK and CQI are transmitted according to configuration 12. 

	14
	 
	x
	x
	x
	 
	Based on configuration 10, CQI transmission is dropped, and ACK and SR are transmitted according to configuration 6. 

	15
	 
	x
	x
	x
	x
	Based on configuration 10, CQI transmission is dropped. Further, ACK, SRS and SR are transmitted according to configuration 7. 

	16
	x
	 
	 
	 
	 
	Data alone sent on PUSCH resources

	17
	x
	 
	 
	 
	x
	PUSCH resources used. Data is rate matched around SRS.

	18
	x
	 
	 
	x
	 
	PUSCH resources used. Not explicitly decided in RAN1 but RAN2 has decided that the scheduling request would be sent as a MAC PDU. When Data consists of only CQI, it is considered as a "misconfiguration", hence Drop aperiodic CQI; SR is transmitted according to configuration 2

	19
	x
	 
	 
	x
	x
	PUSCH resources used. According to configuration 17, data transmission is rate-matched around SRS. Scheduling request sent as a MAC PDU. When Data consists of only CQI, it is considered as a "misconfiguration", hence Drop aperiodic CQI and SRS; SR is transmitted according to configuration 2

	20
	x
	 
	x
	 
	 
	PUSCH resources used. ACK transmission is punctured into data resources at locations around the DM-RS SC-FDMA symbols.

	21
	x
	 
	x
	 
	x
	PUSCH resources used. ACK transmission is punctured into data resources at locations around the DM-RS SC-FDMA symbols. Data transmission is rate-matched around SRS.

	22
	x
	 
	x
	x
	 
	PUSCH resources used. ACK transmission is punctured into data resources at locations around the DM-RS SC-FDMA symbols. Scheduling request sent as a MAC PDU. When Data consists of only CQI, it is considered as a "misconfiguration", hence Drop aperiodic CQI; SR and ACK are transmitted according to configuration 6

	23
	x
	 
	x
	x
	x
	PUSCH resources used. ACK transmission is punctured into data resources at locations around the DM-RS SC-FDMA symbols. Data transmission rate-matched around SRS. Scheduling request sent as a MAC PDU. When Data consists of only CQI, it is considered as a "misconfiguration", hence Drop aperiodic CQI.SR and SRS are transmitted according to configuration 3.

	24
	x
	x
	 
	 
	 
	PUSCH resources used. Data is rate matched around CQI. 

	25
	x
	x
	 
	 
	x
	PUSCH resources used. Data transmission is rate-matched around CQI and SRS.

	26
	x
	x
	 
	x
	 
	PUSCH resources used. Data transmission is rate-matched around CQI. Scheduling request sent as a MAC PDU.

	27
	x
	x
	 
	x
	x
	PUSCH resources used. Data transmission is rate-matched around CQI and SRS. Scheduling request sent as a MAC PDU.

	28
	x
	x
	x
	 
	 
	PUSCH resources used. Data transmission is rate-matched around CQI. ACK punctures data transmission at locations around the DM-RS SC-FDMA symbols.

	29
	x
	x
	x
	 
	x
	PUSCH resources used. Data transmission is rate-matched around CQI and SRS. ACK punctures data transmission at locations around the DM-RS SC-FDMA symbols.

	30
	x
	x
	x
	x
	 
	PUSCH resources used. Data transmission is rate-matched around CQI. ACK punctures data transmission at locations around the DM-RS SC-FDMA symbols. Scheduling request sent as a MAC PDU.

	31
	x
	x
	x
	x
	x
	PUSCH resources used. Data transmission is rate-matched around CQI and SRS. ACK punctures data transmission at locations around the DM-RS SC-FDMA symbols. Scheduling request sent as a MAC PDU.

	
	
	
	
	
	
	

	
	
	* when CQI in transmitted on PUSCH in absence of Data, CQI is assumed to be Data in table above

	
	
	** 'x' in SR column points to explicit positive SR transmissions


3
Conclusions

We propose endorsing the UE behaviour for each of the 31 transmission configurations and to capture them in some form in the specifications. In our opinion, [2] should have the  UE expected behaviour for all of the transmit configurations. In addition, the capturing of the entire table in e.g. [3] is recommended as a quick reference.
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