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1 Introduction 
Initial discussion on UL channel combinations for Rel-10 took place in RAN1#63. In this contribution, we present our views on remaining details of simultaneous uplink transmissions and uplink transmission combinations with carrier aggregation. 

2 Discussion
2.1 Simultaneous transmission of SR and ACK/NACK on PUCCH
Simultaneous transmission of SR and ACK/NACK is allowed in LTE Rel-8. In Rel-8, SR and ACK/NACK resources are separately configured. When there is SR simultaneously with A/N, SR resource is used to send the ACK/NACK feedback.  
For SR transmission with CA, SR needs to be transmitted simultaneously with multiple A/N bits. RAN1 agreed on the following regarding SR transmission with CA: 
· One scheduling request per UE transmitted on PUCCH
· A single UE-specific UL CC is configured semi-statically for carrying PUCCH A/N, SR, and periodic CSI from a UE
Transmission of SR simultaneously with multiple ACK/NACK is discussed in [8]. We present our views on possible approaches.
PUCCH Format 1b with channel selection
Multiple PUCCH transmission would allow reuse of Rel-8 SR transmission scheme. However, this is not supported in Rel-10. Excluding multiple PUCCH transmission, two options are feasible:

· Single SR resource: When single PUCCH resource is configured for SR transmission, either some A/N information is dropped or A/N bundling needs to be used when SR is transmitted.

· Multiple SR resources: When multiple SR resources are configured for SR transmission, one SR resource is configured for each A/N resource for transmission of A/N simultaneously with SR; thus the total number of configured resources needed is double the number needed for A/N only transmission. 
In our view, since SR transmission does not occur frequently in practice, configuring multiple SR resources is not desirable due to large PUCCH resource overhead.

Proposal 1: For simultaneous transmission of SR and multiple ACK/NACK bits on PUCCH Format 1b with channel selection, single PUCCH resource is configured per UE for transmission of SR. When SR is transmitted simultaneously with A/N, either some A/N information is dropped or A/N bundling scheme needs to be specified. A/N bundling is preferred over A/N bit dropping.
PUCCH Format 3
For simultaneous transmission of SR and A/N on PUCCH Format 3, it was already agreed in RAN1#63 that Format 3 supports up to 21 bits. Therefore joint coding of SR and A/N is supported, with a maximum payload size of 11 bits for FDD and 21 bits for TDD. It has alternatively been suggested [8] that the SR could be encoded by modulating the RS resources, similarly to the Rel-8 scheme for simultaneous transmission of CQI and A/N. This scheme would require blind decoding of SR at the base station. However, we do not see any reason not to utilize the maximum payload supported by PUCCH Format 3 for SR transmission.
Proposal 2: For transmission of SR and multiple ACK/NACK bits on PUCCH Format 3, SR is jointly encoded with A/N bits.
2.2 Transmission of SRS
PUSCH + SRS, inter CC
For inter CC case, no simultaneous transmission of PUSCH and SRS in the same symbol is supported at least for power limited case. Two alternatives are being discussed for SRS transmission in such case:
· Alt-1-a:

· Rate match any PUSCH transmitted in any cell specific SRS subframe configured on the same CC
· Drop SRS if PUSCH is transmitted in the same symbol on any CC from the same UE
· Alt-1-b:

· Rate match any PUSCH transmitted in any subframe corresponding to a cell specific SRS subframe configured on any of the (activated?) CCs
Among the two alternatives, Alt-1-a is preferred for simplicity. Alt-1-b may be considered in a later Release, considering the possible mismatch issue between the eNB and UE on the activated CCs.
Proposal 3: For transmission of PUSCH+SRS on multiple CCs, Alt-1-a is preferred.
SRS + SRS, inter CC
In Rel-10 time frame, simultaneous transmission of SRS on multiple CCs may not be allowed due to the lack of RF requirements in RAN4. This is not considered a serious problem. For most cases, SRS on multiple CCs can be configured in different subframes so as to avoid collision. When there is collision, just one CC is selected for SRS transmission; the following selection criteria may be considered: 

PCell prioritized: SRS on PCell is prioritized over SRS on the SCell. 

Pre-defined priority: One CC is selected for SRS transmission depending on pre-defined priority. 
We prefer prioritization of PCell to handle SRS collision. No additional priority needs to be defined for SRS transmission for the currently-prioritized UL CA scenarios.
One remaining issue is handling of priorities between periodic SRS and aperiodic SRS. In our view, aperiodic SRS should be prioritized over periodic SRS. This would allow flexible, on-demand use of aperiodic SRS.
Proposal 4: For transmission of SRS on multiple CCs, SRS on one CC is transmitted. SRS on PCell is prioritized over SRS on the SCell.

Proposal 5: When there is collision between aperiodic SRS and periodic SRS (on the same or different CC), aperiodic SRS is prioritized over periodic SRS.
PUCCH + SRS, inter CC

When PUCCH is transmitted on PCell and SRS is configured on the SCell, the simplest solution is to use the shortened PUCCH format, the same as for the intra-CC case.

Proposal 6: When PUCCH and SRS need to be transmitted simultaneously on multiple CCs, both are transmitted and the shortened PUCCH format is used.
3 Conclusions
In this contribution, we analyzed simultaneous UL transmissions and make the following recommendations:
Proposal 1: For simultaneous transmission of SR and multiple ACK/NACK bits on PUCCH Format 1b with channel selection, single PUCCH resource is configured per UE for transmission of SR. When SR is transmitted simultaneously with A/N, either some A/N information is dropped or A/N bundling scheme needs to be specified. A/N bundling is preferred over A/N bit dropping.
Proposal 2: For transmission of SR and multiple ACK/NACK bits on PUCCH Format 3, SR is jointly encoded with A/N bits.
Proposal 3: For transmission of PUSCH+SRS on multiple CCs, Alt-1-a is preferred.
Proposal 4: For transmission of SRS on multiple CCs, SRS on one CC is transmitted. SRS on PCell is prioritized over SRS on the SCell.

Proposal 5: When there is collision between aperiodic SRS and periodic SRS (on the same or different CC), aperiodic SRS is prioritized over periodic SRS.
Proposal 6: When PUCCH and SRS need to be transmitted simultaneously on multiple CCs, both are transmitted and the shortened PUCCH format is used.
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Appendix: UL transmission combinations in Rel-10

Based on our analysis, we summarize our views on possible UL transmission combinations for Rel-10.
A-1: UL transmission combinations for single UL CC
Table A-1 shows the possible UL transmission combinations for single UL CC in Rel-10. Simultaneous PUCCH and PUSCH transmission is also considered when applicable.
A-2: UL transmission combinations for multiple UL CC

For multiple UL CCs, combinations of PUCCH, PUSCH and SRS on multiple CCs need to be considered. Table A-2 shows the possible combinations.
Table A-1: UL transmission combinations in Rel-10 (Single UL CC
)
	Conf #
	Data*
	CSI
	ACK
	SR
	SRS
	Comments

	1
	 
	 
	 
	 
	x
	Rel-8 behaviour:
SRS alone sent on SC-FDMA symbol for SRS transmission (L3 configured)
Rel-10 behaviour (ALU/ASB view):
No change for periodic SRS transmission only. When there is collision between periodic SRS and aperiodic SRS, aperiodic SRS is prioritized.

	2
	 
	 
	 
	x
	 
	Rel-8 behaviour:
SR alone sent on PUCCH resources for SR (L3 configured)
Rel-10 behaviour (ALU/ASB view):
No change. It is sent via PCC.

	3
	 
	 
	 
	x
	x
	Rel-8 behaviour:
Considered as a "misconfiguration", hence SRS is dropped. 
Rel-10 behaviour (ALU/ASB view):
No change

	4
	 
	 
	x
	 
	 
	Rel-8 behaviour:
ACK alone sent on PUCCH resources for ACK (linked to first CCE used for DL assignment)
Rel-10 behaviour (ALU/ASB view):
PUCCH format 1b with channel selection or PUCCH Format 3.

	5
	 
	 
	x
	 
	x
	Rel-8 behaviour:
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
Rel-10 behaviour (ALU/ASB view):
Same behaviour; Shortened format for PUCCH Format 1b and PUCCH Format 3

	6
	 
	 
	x
	x
	 
	Rel-8 behaviour:
Both transmitted using PUCCH resources for SR modulated by ACK 2bits (QPSK).
Rel-10 behaviour (ALU/ASB view):
Both transmitted.

For PUCCH Format 1b with channel selection, a part of ACK/NACK information may be dropped or bundled.
For PUCCH Format 3, joint coding of SR and ACK/NACK.

	7
	 
	 
	x
	x
	x
	Rel-8 behaviour:
Based on configuration 3, SRS transmission is dropped, and SR and ACK are transmitted according to configuration 6.
Rel-10 behaviour (ALU/ASB view):
Same behaviour.

	8
	 
	x
	 
	 
	 
	Rel-8 behaviour:
CSI alone sent on PUCCH resources for CSI (L3 configured)
Rel-10 behaviour (ALU/ASB view):
Same behaviour. 


	9
	 
	x
	 
	 
	x
	Rel-8 behaviour:
Considered as a "misconfiguration", hence SRS is dropped. 
Rel-10 behaviour (ALU/ASB view):
Same behaviour for both periodic and aperiodic SRS

	10
	 
	x
	 
	x
	 
	Rel-8 behaviour:
Considered as a "misconfiguration", hence CSI is dropped. 
Rel-10 behaviour (ALU/ASB view):
Same behaviour

	11
	 
	x
	 
	x
	x
	Rel-8 behaviour:
Shortened SR is transmitted together with SRS. CSI is dropped.
Rel-10 behaviour (ALU/ASB view):
Same behaviour

	12
	 
	x
	x
	 
	 
	Rel-8 behaviour:
eNB chooses one of the following 2 options:

1) Drop the CSI and transmit only the ACK

2) Transmit the CSI and the ACK jointly as follows

· Normal CP: ACK modulates the DM-RS of PUCCH for CSI transmission. CSI is transmitted normally on the data portion of its PUCCH resources.
· Extended CP: ACK and CSI are jointly coded and transmitted over PUCCH resources for CSI. 
Rel-10 behaviour (ALU/ASB view):
Same as Rel-8 Option 1: Drop the CSI and transmit only the ACK

	13
	 
	x
	x
	 
	x
	Rel-8 behaviour:
In case simultaneousAckNackAndCSI = FALSE and  ackNackSRS-Simultaneous Transmission = TRUE, transmit shortened PUCCH format 1a/1b in the A/N resources and transmit SRS and drop CSI.
In case simultaneousAckNackAndCSI = TRUE and  ackNackSRS-Simultaneous Transmission = TRUE, transmit ACK/NAK (in the A/N resources) and CSI, and drop SRS;
Rel-10 behaviour (ALU/ASB view):
Same behaviour.

	14
	 
	x
	x
	x
	 
	Rel-8 behaviour:
Based on configuration 10, CSI transmission is dropped, and ACK and SR are transmitted according to configuration 6. 
Rel-10 behaviour (ALU/ASB view):
Same behaviour.

	15
	 
	x
	x
	x
	x
	Rel-8 behaviour:
In case simultaneousAckNackAndCSI = FALSE and  ackNackSRS-Simultaneous Transmission = TRUE, transmit shortened PUCCH format 1a/1b in the SR resources and transmit SRS and drop CSI.
In case simultaneousAckNackAndCSI = TRUE and  ackNackSRS-Simultaneous Transmission = TRUE, transmit ACK/NAK (in the SR resources) and CSI, and drop SRS;
Rel-10 behaviour (ALU/ASB view):
Same behaviour

	16
	x
	 
	 
	 
	 
	Rel-8 behaviour:

Data alone sent on PUSCH resources
Rel-10 behaviour (ALU/ASB view):

Data alone sent on PUSCH resources on one or two clusters

	17
	x
	 
	 
	 
	x
	Rel-8 behaviour:

PUSCH resources used. Data is rate matched around SRS.
Rel-10 behaviour (ALU/ASB view):

Same behaviour

	18
	x
	 
	 
	x
	 
	Rel-8 behaviour:

PUSCH resources used. Not explicitly decided in RAN1 but RAN2 decided that the scheduling request would be sent as a MAC PDU. When Data consists of only CSI, it is considered as a "misconfiguration", hence drop CSI; SR is transmitted according to configuration 2
Rel-10 behaviour (ALU/ASB view):

If simultaneous PUCCH+PUSCH is not configured, same behaviour as Rel-8

If simultaneous PUCCH+PUSCH is configured, SR on PUCCH, Data on PUSCH

	19
	x
	 
	 
	x
	x
	Rel-8 behaviour:

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 CSI, it is considered as a "misconfiguration", hence drop CSI and SRS; SR is transmitted according to configuration 2
Rel-10 behaviour (ALU/ASB view):

If simultaneous PUCCH+PUSCH is not configured, same behaviour as Rel-8
If simultaneous PUCCH+PUSCH is configured, SR on PUCCH, Data on PUSCH

	20
	x
	 
	x
	 
	 
	Rel-8 behaviour:

PUSCH resources used. ACK transmission is punctured into data resources at locations around the DM-RS SC-FDMA symbols.
Rel-10 behaviour (ALU/ASB view):

If simultaneous PUCCH+PUSCH is not configured, same behaviour as Rel-8.
If simultaneous PUCCH+PUSCH is configured, A/N sent on PUCCH.


	21
	x
	 
	x
	 
	x
	Rel-8 behaviour:

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.
Rel-10 behaviour (ALU/ASB view):

Based on configuration 20:

If simultaneous PUCCH+PUSCH is not configured, same behaviour as Rel-8.

If simultaneous PUCCH+PUSCH is configured, A/N sent on PUCCH, and data is rate-matched around SRS.

	22
	x
	 
	x
	x
	 
	Rel-8 behaviour:

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 CSI, it is considered as a "misconfiguration", hence Drop CSI; SR is transmitted according to configuration 6
Rel-10 behaviour (ALU/ASB view):

Follows configuration 20.

	23
	x
	 
	x
	x
	x
	Rel-8 behaviour:

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 CSI, it is considered as a "misconfiguration", hence Drop CSI and SRS; SR is transmitted according to configuration 6
Rel-10 behaviour (ALU/ASB view):

Follows configuration 22 with the addition that data is rate-matched around SRS transmission.

	24
	x
	x
	 
	 
	 
	Rel-8 behaviour:

PUSCH resources used. Data is rate matched around CSI. 
Rel-10 behaviour (ALU/ASB view):

If simultaneous PUCCH+PUSCH is not configured, same behaviour as Rel-8 for single DL CC.

If simultaneous PUCCH+PUSCH is configured, CSI for single DL CC on PUCCH.
FFS whether multiple per CC periodic CSI can be transmitted in PUSCH.

	25
	x
	x
	 
	 
	x
	Rel-8 behaviour:

PUSCH resources used. Data transmission is rate-matched around CSI and SRS.
Rel-10 behaviour (ALU/ASB view):

Follows configuration 24 with the addition that data is rate-matched around SRS transmission.

	26
	x
	x
	 
	x
	 
	Rel-8 behaviour:

PUSCH resources used. Data transmission is rate-matched around CSI. Scheduling request sent as a MAC PDU.
Rel-10 behaviour (ALU/ASB view):

Follows configuration 24. 

	27
	x
	x
	 
	x
	x
	Rel-8 behaviour:

PUSCH resources used. Data transmission is rate-matched around CSI and SRS. Scheduling request sent as a MAC PDU.
Rel-10 behaviour (ALU/ASB view):

Follows configuration 26 with the addition that data is rate-matched around SRS transmission.

	28
	x
	x
	x
	 
	 
	Rel-8 behaviour:

PUSCH resources used. Data transmission is rate-matched around CSI. ACK punctures data transmission at locations around the DM-RS SC-FDMA symbols.
Rel-10 behaviour (ALU/ASB view):

Follows configuration 20.

	29
	x
	x
	x
	 
	x
	Rel-8 behaviour:

PUSCH resources used. Data transmission is rate-matched around CSI and SRS. ACK punctures data transmission at locations around the DM-RS SC-FDMA symbols.
Rel-10 behaviour (ALU/ASB view):

Follows configuration 20.

	30
	x
	x
	x
	x
	 
	Rel-8 behaviour:

PUSCH resources used. Data transmission is rate-matched around CSI. ACK punctures data transmission at locations around the DM-RS SC-FDMA symbols. Scheduling request sent as a MAC PDU.
Rel-10 behaviour (ALU/ASB view):

Follows configuration 20.

	31
	x
	x
	x
	x
	x
	Rel-8 behaviour:

PUSCH resources used. Data transmission is rate-matched around CSI and SRS. ACK punctures data transmission at locations around the DM-RS SC-FDMA symbols. Scheduling request sent as a MAC PDU.
Rel-10 behaviour (ALU/ASB view):

Follows configuration 20.

	32
	P-SRS + A-SRS
	Rel-10 configuration 

A-SRS is prioritized

	
	
	
	
	
	
	

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

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


Table A-2: UL transmission combinations in Rel-10 (Multiple UL CCs)
	Conf #
	PUSCH
	PUCCH
	SRS (PCell)
	SRS (SCell)
	Comments

	1
	x
	
	x
	
	Same as Rel-8

	2
	x
	
	
	x
	No simultaneous PUSCH and SRS on the same symbol

Rate match any PUSCH transmitted in any cell specific SRS subframe configured on the same CC

Drop SRS if PUSCH is transmitted in the same symbol on any CC from the same UE

	3
	x
	
	x
	x
	No simultaneous transmission of SRS on multiple carriers

Drop SRS on Scell

	4
	
	x
	x
	
	Same as Rel-8

	5
	
	x
	
	x
	Both are transmitted, using shortened PUCCH format.

	6
	
	x
	x
	x
	Shortened PUCCH format;

SRS on Pcell is prioritized; drop SRS on Scell

	7
	
	
	x
	x
	Drop SRS on SCell







































































�I would suggest to cover this in this table. 


�This seems as if it should be in Table B.


�I guess this should be in Table B
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