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1. Introduction
There has been an email discussion on “[LTE 53/11] Confirmation of various UL transmission configurations” just after Kansas City meeting, so two modified versions on this issue were made [1],[2]. Only one of them, R1-082255 has been agreed but even though the second revision, R1-082256 was almost agreed, the decision has been pending due to lack of time for further discussion.  Hence we’d like to clarify relevant behaviours associated with the shortened PUCCH format 1 in several configurations. 
2. Shortened PUCCH format 1/1a/1b
2.1. Shortened PUCCH format 1a/1b (ACK/NACK)
A shortened structure for PUCCH format 1a/1b has been already agreed and specified in the LTE TRs [3], UE behaviours associated with shortened ACK/NACK in corresponding configurations has been agreed via email approval after Kansas city meeting[1]. Figure 1 shows a shortened structure for PUCCH format 1a/1b.

[image: image9.bmp]
Figure 1: An illustration of Shortened PUCCH format 1a/1b (ACK/NACK)

2.2. Shortened PUCCH format 1 (Scheduling Request)
Basic assumption is that the parameter “Simultaneous-AN-and-SRS” provided by higher layers should be cell-specific. Otherwise it seems to be almost impossible to coordinate normal PUCCH and shortened PUCCH in a subframe.  Our preference is to introduce Shortened PUCCH format 1 for several reason as described later. But if the shortened SR is not defined, what happens? Here we indicate the problematic case that different lengths of PUCCH formats (e.g. shortened PUCCH format 1a/1b, normal PUCCH format 1a/1b) coexist in a subframe in the absence of shortened PUCCH format 1 and prove indisputability of introduction of shortened PUCCH format 1.

PUCCH resource index management in current specification is shown in Figure 2, ‘Blue’ region is used for CQI index allocation, ‘Green’ region is used for ACK/NACK and Scheduling Request. 
In Figure 2, firstly CQI index is allocated, then SR index and Semi-Persistent Scheduling (SPS) ACK/NACK index is allocated, finally Dynamic ACK/NACK index is allocated. SR index (including SPS ACK/NACK) from dynamic ACK/NACK index can be differentiated logically, but can NOT be differentiated physically.  
In a cell-specific configuration of shortened format, unless shortened SR format is introduced, normal SR format shall not be used in the cell where shortened ACK/NACK is configured. If not, the orthogonality among the uplink PUCCH format 1/1a/1b shouldn’t be kept. 
As an extreme case, we could think RB basis configuration of shortened format even though it is not supported in current specification. However, we easily find a lot of difficulties in allocating separate RBs physically to control signals to keep orthogonality among normal SRs and shortened ACK/NACKs.  Nevertheless if we insist on using both normal format of SR and shortened ACK/NACK together, we should inevitably allocate new RB for dynamic ACK/NACK separate from SR RB regardless of whether the SR(+SPS ACK/NACK) RB is used up completely by SRI or SPS ACK/NACK Index or not. Anyway, RB basis or subframe basis configuration for shortened format is not realistic in current specification point of view.
Proposal:

· Therefore, the solution is to introduce shortened length of PUCCH format 1 when it is configured to transmit ACK/NACK and SRS simultaneously by high layer (“Simultaneous-AN-and-SRS”).
[image: image2.emf]Frequency

Mixed RB

CQI Only

Format 2/2a/2b

Format 1/1a/1b

Logical indexing of PUCCH region ‘Green’

SPS Data ACK/NACK & SR

Dynamic ACK/NACK

) 1 (

PUCCH

N

) 2 (

RB

N

) 1 (

CS

N

Frequency

Mixed RB

CQI Only

Format 2/2a/2b

Format 1/1a/1b

Logical indexing of PUCCH region ‘Green’

SPS Data ACK/NACK & SR

Dynamic ACK/NACK

) 1 (

PUCCH

N

) 2 (

RB

N

) 1 (

CS

N


Figure 2: An illustration of PUCCH Index allocation

Proposal:

· The parameter “Simultaneous-AN-and-SRS” provided by higher layers determine if a UE is configured to transmit ACK/NACK on PUCCH and SRS in the same subframe. 
· If it is configured to transmit the transmission of ACK/NACK on PUCCH and SRS in the same subframe, then all UEs in a cell shall always transmit ACK/NACK and SR using the shortened PUCCH format as defined in Section 5.4.1 of [TS36.211] in the cell specific SRS subframes, where the ACK/NACK and the SR symbol corresponding to the SRS location are punctured. 
· Otherwise, the UE shall use the normal PUCCH format 1/1a/1b as defined in Section 5.4.1 of [TS36.211] for the transmission of ACK/NACK and SR.
Shortened SR Structure 

Figure 3 shows the shortened SR structure similar to existing shortened ACK/NACK structure.


[image: image3]
Figure 3: An example of Shortened PUCCH format 1 (Scheduling Request)

3. Suggested Configurations

Based on the consequence in previous section, we suggest that following UE procedures in UL transmission configurations [2] is captured in the TS26.211 or 213.
Proposal:

· We suggest introducing the shortened SR structure in Figure 2 and properly capturing the description of shortened PUCCH format 1 in following Table 1.

Table 1: Modified UE behaviours in UL transmission configuration #3, #7, #11, #15 in [2]
	Conf #
	Data*
	CQI
	ACK
	SR
	SRS
	Comments

	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. 

	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.

	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. 

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


4. Reference
[1] R1-082255, Confirmation of various UL transmission configurations – Revision 1, Qualcomm Europe, LGE, Panasonic
[2] R1-082256, Confirmation of various UL transmission configurations – Revision 2, Qualcomm Europe, LGE, Panasonic
[3] TS36.211 v8.3.0

[4] R1-082938, Necessity of Shortened SR, LG Electronics
[5] R1-081783, Consideration on SRI transmission on PUCCH, Huawei
Annex:    
R1-082255, Confirmation of various UL transmission configurations – Revision 1 (agreed)
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R1-082256, Confirmation of various UL transmission configurations – Revision 2 (pending)
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1
Introduction


This document presents the 31 possible combinations of UL transmissions considering PUSCH, CQI, ACK, SRS, and SR. The main purpose of the document is to confirm the UE behaviour and to explicitly define it for some of the cases not explicitly discussed.


2
Discussion



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



The configurations where an explicit decision has not been made is noted in red and we propose confirming the corresponding UE behaviour. 



			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. 





			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 2bits (QPSK).





			7


			 


			 


			x


			x


			x


			Not explicitly decided. Based on configuration 3, SRS transmission is dropped, and SR and ACK are transmitted according to configuration 6.





			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


			Not explicitly decided. Based on configuration 3, SRS transmission is dropped, and SR and CQI are transmitted according to configuration 10 i.e. CQI is also dropped. Hence, only SR is transmitted. 





			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


			Not explicitly decided. Based on configuration 9, SRS transmission is dropped, and ACK and CQI are transmitted according to configuration 12. 





			14


			 


			x


			x


			x


			 


			Not explicitly decided. Based on configuration 10, CQI transmission is dropped, and ACK and SR are transmitted according to configuration 6. 





			15


			 


			x


			x


			x


			x


			Not explicitly decided. Based on configuration 10, CQI transmission is dropped. Further, based on configuration 3, SRS transmission is dropped. ACK and SR are transmitted according to configuration 6. 





			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. Not explicitly decided *when Data consists of only CQI, it is considered as a "misconfiguration", hence Drop 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. Not explicitly decided *when Data consists of only CQI, it is considered as a "misconfiguration", hence Drop 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. Not explicitly decided *when Data consists of only CQI, it is considered as a "misconfiguration", hence Drop CQI; SR is 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. Not explicitly decided *when Data consists of only CQI, it is considered as a "misconfiguration", hence Drop CQI and SRS; SR is transmitted according to configuration 6





			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








Note that RAN1 is currently discussing how to treat rank indication in the multiplexing of UL transmissions, i.e., as a regular CQI reporting or as a special CQI reporting. We would need to revisit the table above if we treated rank indication differently than regular CQI reporting.  


3
Conclusions



We propose endorsing the UE behaviour for each of the 31 transmission configurations.
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1
Introduction


This document presents the 31 possible combinations of UL transmissions considering PUSCH, CQI, ACK, SRS, and SR. The main purpose of the document is to confirm the UE behaviour and to explicitly define it for some of the cases not explicitly discussed.


2
Discussion



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



The configurations where an explicit decision has not been made is noted in red and we propose confirming the corresponding UE behaviour. 



			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


			Not explicitly decided. 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


			Not explicitly decided. 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


			Not explicitly decided. Based on configuration 9, SRS transmission is dropped, and ACK and CQI are transmitted according to configuration 12. 





			14


			 


			x


			x


			x


			 


			Not explicitly decided. Based on configuration 10, CQI transmission is dropped, and ACK and SR are transmitted according to configuration 6. 





			15


			 


			x


			x


			x


			x


			Not explicitly decided. 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. Not explicitly decided *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. Not explicitly decided *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. Not explicitly decided *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. Not explicitly decided *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








Note that RAN1 is currently discussing how to treat rank indication in the multiplexing of UL transmissions, i.e., as a regular CQI reporting or as a special CQI reporting. We would need to revisit the table above if we treated rank indication differently than regular CQI reporting.  


3
Conclusions



We propose endorsing the UE behaviour for each of the 31 transmission configurations.
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