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1. Introduction
This is an updated resubmission of Tdoc R1-082806 submitted at Jeju.

The procedures for transmitting periodic rank information (RI) or CQI/PMI report after collisions with scheduling request (SR) are not currently defined. Although it is not stated in any RAN1 standard, it is understood from the RAN2 MAC standard [1] that SR takes precedence. This is captured in [2] with configurations 10, 11, 14 and 15. In this contribution several possible options for transmitting SR and periodic RI/CQI/PMI report after a collision between them are provided. The case where ACK/NACK is also to be transmitted is considered as well.
2. Background
The LTE standards [3], [4], [5] currently handle several cases of overlap between various signaling on the uplink.

A. ACK/NACK and SR

When both ACK/NACK and SR are transmitted in the same sub-frame a UE shall transmit the ACK/NACK on its assigned ACK/NACK PUCCH resource for a negative SR transmission and transmit the ACK/NACK on its assigned SR PUCCH resource for a positive SR transmission.

B. RI/CQI/PMI and ACK/NACK

When both ACK/NACK and RI/PMI/CQI are transmitted in the same sub-frame a UE shall transmit the RI/PMI/CQI and ACK/NACK on its assigned RI/PMI/CQI PUCCH resource using these formats:

· Format 2a/2b as defined in section 5.4.2 in [3] when CQI/PMI or RI report is multiplexed with ACK/NAK for normal CP

· Format 2 as defined in section 5.4.2 in [3] when CQI/PMI or RI report is multiplexed with ACK/NAK for extended CP

C. RI/CQI/PMI and SR
Another case is when a Scheduling Request collides with a periodic RI/CQI/PMI report on the PUCCH. In that case the RAN1 standard [5] does not provide a procedure for multiplexing both reports or otherwise handling the collision. 

The RAN2 draft MAC protocol specification [1] currently states the following:

5.4.4 Scheduling Request 

The Scheduling Request (SR) is for requesting UL-SCH resources. 
If an SR has been triggered, the UE shall for each TTI, until UL-SCH resources are granted:

-
If no UL-SCH resources are available in this TTI:

-
if a PUCCH is configured for the UE to send an SR in this TTI and if there is no measurement gap in this TTI, instruct the physical layer to signal the SR on PUCCH;
-
If no PUCCH for SR is configured for the UE in any TTI, initiate a Random Access procedure (see subclause 5.1).

NOTE:
A triggered SR is considered pending and is repeated until UL-SCH resources are granted.
The physical layer is instructed to send an SR each TTI until an uplink grant is received. Therefore, any other PUCCH report such as an RI report must be pre-empted since only one PUCCH resource can be used in any TTI.
There are valid arguments why RI reports and WB PMI reports should be transmitted and not discarded [6]. The frequency-selective CQIs reported in mode 2-1 are not strictly self-contained because the FS CQIs are calculated by using the most recently reported RI and PMI. While dropping an individual CQI report is less of a concern, a solution which handles collisions between SR and RI or WB PMI reports can also be used for handling collisions between SR and CQI reports since all RI or CQI/PMI reports use the same formats 2, 2a or 2b.
3. Procedures to handle collisions between SR reports and periodic CQI/PMI/RI reports 
Several options are proposed and described for transmitting SR and the periodic PUCCH reports when both SR and periodic PUCCH occur in the same subframe. The case where ACK/NACK is also to be transmitted is considered as well.

Option 1 - UE procedure for reporting SR and periodic RI reports 
When both SR and RI are transmitted in the same sub-frame a UE shall transmit the RI on its assigned RI PUCCH resource for a negative SR transmission, using PUCCH Format 2, and transmit the RI on its assigned SR PUCCH resource for a positive SR transmission, using PUCCH Format 1a or 1b depending on whether one or two RI bits are sent.
This procedure is similar to that used for SR and ACK/NACK collisions. However, format 1a or 1b is used instead if format 2 for the RI report for a positive SR indication. This is acceptable because the RI conveys either 1 or 2 bits.

Option 2 - UE procedure for reporting SR and periodic RI/PMI/CQI reports 
When both SR and RI/PMI/CQI are transmitted in the same sub-frame a UE shall transmit the RI/PMI/CQI and SR on its assigned RI/PMI/CQI PUCCH resource using format 2a for normal CP. (Option 3 below can be used for extended CP.) The RI/PMI/CQI and SR bits are encoded using the same procedure used for the ACK/NACK bit as defined in section 5.4.2 in [3]. It is briefly described as follows.

The channel quality bits input to the channel coding block are denoted by  
[image: image1.wmf]1

3

2

1

0

,...,

,

,

,

-

A

a

a

a

a

a

 where A is the number of bits. The number of channel quality bits depends on the transmission format for wideband reports and for UE-selected subbands reports. The channel quality indication is coded using a (20, A) code described in 5.2.3.3 of [4]. 

When normal CP is used for uplink transmission, the channel quality information is coded with input bit sequence 
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 and output bit sequence
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. One SR bit is reported per subframe and is denoted by 
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Option 3 - UE procedure for reporting SR and periodic RI/PMI/CQI reports 
When both SR and RI/PMI/CQI are transmitted in the same sub-frame a UE shall transmit the RI/PMI/CQI and SR on its assigned RI/PMI/CQI PUCCH resource using format 2. The SR bit is combined with RI/PMI/CQI bits and encoded as shown in the tables below, which are modifications of tables from [4].   

Table 1. UCI fields for rank indication (RI) feedback and scheduling request (SR) for UE-selected sub-band reports 

	Field
	Bitwidths

	
	2 antenna ports
	4 antenna ports

	
	
	Max 2 layers
	Max 4 layers

	Rank indication
	1
	1
	2

	Scheduling request
	1
	1
	1


Table 2. UCI fields for channel quality and precoding information (CQI/PMI) feedback and scheduling request (SR) for wideband reports (closed loop spatial multiplexing PDSCH transmission)

	Field
	Bitwidths

	
	2 antenna ports
	4 antenna ports

	
	Rank = 1
	Rank = 2
	Rank = 1
	Rank > 1

	Wide-band CQI
	4
	4
	4
	4

	Spatial differential CQI
	0
	3
	0
	3

	Precoding matrix indication
	2
	1
	4
	4

	Scheduling request
	1
	1
	1
	1


Table 3. UCI fields for channel quality information (CQI) feedback and scheduling request (SR) for UE-selected sub-band reports (single antenna port, transmit diversity or open loop spatial multiplexing PDSCH transmission)
	Field
	Bitwidth

	Sub-band CQI
	4

	Sub-band label
	1 or 2

	Scheduling request
	1


Table 4. UCI fields for channel quality information (CQI) feedback and scheduling request (SR) for UE-selected sub-band reports (closed loop spatial multiplexing PDSCH transmission)

	Field
	Bitwidths

	
	2 antenna ports
	4 antenna ports

	
	Rank = 1
	Rank = 2
	Rank = 1
	Rank > 1

	Sub-band CQI
	4
	4
	4
	4

	Spatial differential CQI
	0
	3
	0
	3

	Sub-band label
	1 or 2
	1 or 2
	1 or 2
	1 or 2

	Scheduling request
	1
	1
	1
	1


Figure 1 shows the channel coding block diagram. The channel quality and SR bits input to the channel coding block are denoted by  
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 where A is the number of bits and is one more than the number of channel quality bits. The number of channel quality bits depends on the transmission format for wideband reports and for UE-selected subbands reports. For example for Table 2, A could be 7 bits, 9 bits or 12 bits depending on the antenna configuration, rank and whether it is single or double codewords.                                           
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Figure 1. Processing for UCI
The channel quality information denoted by 
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 is multiplexed with the SR bit to yield the sequence 
[image: image13.wmf]1

3

2

1

0

,...,

,

,

,

-

A

a

a

a

a

a

 as follows



[image: image14.wmf]1

,...,

0

 

,

-

¢

=

¢

=

A

i

a

a

i

i


and 



[image: image15.wmf]0

a

a

A

¢

¢

=

¢

 

The sequence 
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 is encoded using a (20, A) code according to section 5.2.3.3 in [4] to yield the output bit sequence 
[image: image17.wmf]1

3

2

1

0

,...,

,

,

,

-

B

b

b

b

b

b

 where
[image: image18.wmf]20

=

B

.
Option 4 - UE procedure for reporting ACK/NACK, SR and RI/PMI/CQI reports 
When ACK/NACK, SR and RI/PMI/CQI are transmitted in the same sub-frame a UE shall transmit the RI/PMI/CQI, SR and ACK/NACK on its assigned RI/PMI/CQI PUCCH resource using format 2, 2a or 2b. For normal CP format 2a or 2b is used where the SR bit is combined with RI/PMI/CQI as shown in tables 1-4, and the ACK/NACK bits are encoded as defined in section 5.4.2 in [3].  For extended CP format 2 is used where the SR bit is combined with RI/PMI/CQI and ACK/NACK bits and encoded as shown below, based on section 5.2.3.4 in [4].  
When extended CP is used for uplink transmission, the channel quality information, SR and the HARQ-ACK acknowledgement bits are jointly coded. The HARQ acknowledgement bits are denoted by 
[image: image19.wmf]0

a

¢

¢

 in case one HARQ acknowledgement bit or 
[image: image20.wmf][

]

1

0

,

a

a

¢

¢

¢

¢

 in case two HARQ acknowledgement bits are reported per subframe. The 
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 is multiplexed with the HARQ acknowledgement bits to yield the sequence 
[image: image23.wmf]1

3

2

1

0

,...,

,

,

,

-

A

a

a

a

a

a

 as follows



[image: image24.wmf]1

,...,

0

 

,

-

¢

=

¢

=

A

i

a

a

i

i


and 



[image: image25.wmf]0

a

a

A

¢

¢

=

¢

 and 
[image: image26.wmf](

)

1

+

¢

=

A

A

 in case one HARQ-acknowledgement bit is reported per subframe, or
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 in case two HARQ-acknowledgement bits are reported per subframe. The sequence 
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 is encoded using a (20, A) code according to section 5.2.3.3 in [4] to yield the output bit sequence 
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Option 3 can be seen as a special case of option 4 when there is no ACK/NACK to be transmitted. Therefore we will drop option 3 from further consideration.

Option 5 - Delay SR transmission and transmit periodic RI or CQI/PMI report
When both SR and RI or CQI/PMI are to be transmitted in the same sub-frame, a UE may transmit the RI or CQI/PMI report and delay the SR. The SR that was configured to be transmitted on the PUCCH is delayed and transmitted on the next configured opportunity. Since SR may be repeated frequently, the impact for delaying SR may be minimal. Note, however, that this may require a change of the RAN2 MAC specification [1]. In this case the eNodeB obtains the complete periodic PUCCH CQI/PMI/RI report without any delay. Note that this option depends upon the network ensuring that collisions between PUCCH CQI/PMI/RI reports and the SR opportunities do not continuously reoccur.
Option 6 - Delay periodic RI or CQI/PMI reporting and transmit SR
When both SR and either RI or CQI/PMI are to be transmitted in the same sub-frame, a UE may transmit SR and delay the RI or CQI/PMI report. The SR that was configured to be transmitted on the PUCCH is transmitted and the RI or CQI/PMI report is delayed and transmitted on the next reporting opportunity. Depending on whether the complete PUCCH report is kept or not, there are two options:

Option 6A: Regardless of the importance of PUCCH report, PUCCH report is delayed and transmitted on the next reporting opportunity in which the original scheduled PUCCH report is kept, delayed and transmitted in the following reporting opportunity. In this case the eNodeB obtains the complete periodic PUCCH CQI/PMI/RI report with some delay. 
Option 6B: A more important PUCCH report is kept with delayed transmission while a less important PUCCH report is discarded (see [6] as an example). The more important PUCCH report is delayed and transmitted on the next reporting opportunity in which the original scheduled PUCCH report is discarded if the original scheduled PUCCH report is less important. In this case the eNodeB obtains the incomplete periodic PUCCH CQI/PMI/RI report with no delay. The importance of PUCCH report may be a design parameter. For example RI may be considered more important than PMI and CQI since PMI and CQI are based on RI. Wideband PMI may be considered more important than frequency-selective CQI since the frequency-selective CQIs are based on the wideband PMI. 

The options are not mutually exclusive. For example we could combine option 1 for RI and SR collisions, and option 6A or 6B for collisions between CQI/PMI and SR reports.
4. Procedures used for various cases

The figure below shows the various cases where combinations of SR, ACK/NACK and CQI/PMI/RI report scheduling may overlap and the procedures to be used in each case.
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  Figure 2. Possible procedures for collisions between SR and other PUCCH reports
Two cases, SR alone and with ACK/NACK, already have procedures defined in [5]. There are four new cases for which procedures need to be defined. The options for these four cases are shown in the table below. The fallback option is always to drop the CQI/PMI/RI report.

Table 5. Optional procedures for various cases of collisions between PUCCH reports
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5. Discussion and recommendation

Each option has its advantages and disadvantages which are summarized in the table below.
Table 6. PUCCH transmission options advantages and disadvantages

	Transmission Option
	Advantages
	Disadvantages

	Option 1- transmit the RI on its assigned SR PUCCH resource using PUCCH format 1a or 1b
	Works well for SR and RI collisions.

Requires no additional tests. 
	No provisions for other CQI/PMI reports when SR collides.

No provision for simultaneous ACK/NACK collision

	Option 2- transmit the RI/PMI/CQI and SR on its assigned RI/PMI/CQI PUCCH resource using format 2a for normal CP 
	No reports are lost.

Requires no additional tests. 
	Only works for normal CP

	Option 4- transmit the RI/PMI/CQI, SR and ACK/NACK on its assigned RI/PMI/CQI PUCCH resource using format 2a or 2b for normal CP, and format 2 for extended CP
	No reports are lost.

Works for both normal CP and extended CP
	Requires additional tests for extended bit fields.

	Option 5 - Delay SR transmission and transmit periodic RI or CQI/PMI report


	No RI/CQI/PMI reports are lost
	SR is delayed until next transmission opportunity

	Option 6A - Delay periodic RI or CQI/PMI reporting and transmit SR
	SR is sent immediately and no RI/CQI/PMI reports are lost
	The timing for RI/CQI/PMI reports is shifted which may result in other conflicts.

	Option 6B - Delay periodic RI (and WB PMI) reporting and transmit SR; discard other CSI reports
	SR is sent immediately and more important RI/CQI/PMI reports are not lost
	At least one CQI report is lost


Considering the relative advantages of the proposed options, we prefer these two options:

· When only SR and RI collide we prefer Option 1 because it is simple, works well and does not require any additional tests. 
· For all other cases we prefer Option 4 because it handles collisions between SR and other, larger CQI/PMI reports as well as ACK/NACK.

The figure below shows the preferred options to be used for the various cases where combinations of SR, ACK/NACK and CQI/PMI/RI report scheduling overlap.
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Figure 3. Procedures for collisions between SR and other PUCCH reports
CRs incorporating these added procedures are attached. 

References

1. draft_36.321-830_update2, Medium Access Control (MAC) protocol specification (Release 8)
2. R1-082255, Confirmation of various UL transmission configurations – Revision 1, Qualcomm, 3GPP TSG-RAN WG1 #53
3. 3GPP TS 36.211 V8.3.0,

4. 3GPP TS 36.212 V8.3.0,

5. 3GPP TS 36.213 V8.3.0, Physical layer procedures (Release 8)
6. R1-082273,
Impact of the PMI/RI Report Drop on the PUCCH CQI Report, SHARP
_1268702634.unknown

_1279539018.unknown

_1279539046.unknown

_1279618400.unknown

_1280047565.vsd
ACK/NACK?


SR


CQI/PMI/RI?


RI?


Use
procedure A


Use
procedure B


Use
procedure C


Use
procedure D


No
(CQI/PMI)


Yes


Yes


Yes


CQI/PMI/RI?


RI?


No


Yes


No


No


Transmit SR using PUCCH format 1


Transmit SR+A/N using PUCCH format 1a/1b


No
(CQI/PMI)


Yes



_1280048076.doc
		Procedure

		Case

		Option(s)



		A

		SR+AN+RI

		4, 6A, 6B, drop RI 



		B

		SR+AN+CQI/PMI 

		4, 6A, 6B, drop CQI/PMI 



		C

		SR+RI

		1, 2, 4, 5, 6A, 6B, drop RI 



		D

		SR+CQI/PMI 

		2, 4, 5, 6A, 6B, drop CQI/PMI 






_1280226137.vsd
ACK/NACK?


SR


CQI/PMI/RI?


Option 4


Option 4


Option 1


Yes


Yes


CQI/PMI/RI?


RI?


No


Yes


No


No


Transmit SR using PUCCH format 1


Transmit SR+A/N using PUCCH format 1a/1b


No
(CQI/PMI only)


Yes



_1279618423.unknown

_1279539050.unknown

_1279539035.unknown

_1279539042.unknown

_1279539022.unknown

_1268702853.unknown

_1279539005.unknown

_1279539014.unknown

_1268702689.unknown

_1268702800.unknown

_1265530860.unknown

_1268702522.unknown

_1263934486.unknown

_1263935672.unknown

_1263936805.unknown

_1263934525.unknown

_1248519397.vsd
Channel coding



_1263934463.unknown

