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1. Introduction

RAN1 has discussed and achieved the following agreements for the design of carrier indicator field (CIF) [1]
· CIF mapping to CCs:

· The mapping from CI values to CCs for each CC enabling CIF is UE specific

· CI to CC mapping is configured by RRC

· At least one carrier should operate during reconfiguration of the CI-to-CC mapping

This contribution further discusses several concerned issues during (re-)configuration of carrier indication field. 
2. Configuration of a common component carrier set
Carrier indicator field (CIF) is used to indicate which component carrier (CC) a PDCCH is dedicated to, in which the PDCCH contains the CIF. The mapping from CI values to CCs for each CC enabling CIF is UE specific [1]. The mapping relationship should be consistent between eNB and UE nodes. In realistic implementation, eNB and UE nodes should build up a common set of carriers, respectively. Carriers within the common carrier set should be in certain order, e.g. CC#i, CC#i+1, CC#i+2, …, CC#i+7. A CIF field then addresses carriers sequentially within the common set. Fig. 1 shows an example of mapping from CIF values to CCs. The interpretation of CIF values corresponding to which CCs should be the same in both eNB and UE nodes and it could be (re-)configured during configuration of carrier aggregation. In previous discussion [1], PDCCH monitoring set could serve as this common set after adding the concept of order within the set. 
Proposal 1: A common set of component carriers should be constructed and consistent for both eNB and UE nodes during (re-)configuration of carrier aggregation. There exists certain order between carriers within the common carrier set.

The common carrier set could be constructed by various methods, e.g. according to frequency ascending order, activation order, etc. Considering the maintenance of the common carrier set, we proposed to construct the common carrier set according to activation order at UEs, i.e. the first enabled carrier is arranged as the first carrier in a set and the second one follows in order. While a carrier is considered as no longer to be used, it can be removed from the common carrier set. In this method, the common carrier set includes only carriers activated for UE and the size of the set varied according to CC usage for UE. Potential advantage of maintaining the set in this way is to utilize CIF effectively. 
Proposal 2: Carriers in a common set could be added and removed according to activation and de-activation for UE. 
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Fig. 1 Mapping from CIF values to CCs. (Mapping scheme#1)
3. Mapping from CIF values to CCs
After a common carrier set is configured, the mapping from CIF values to CCs is configured by RRC. Fig. 1 illustrates a direct mapping from CIF values to CCs within the carrier set sequentially. Binary numbers of CIF represent carriers in sequence in a common carrier set. In case of 3-bit CIF, CIF=000 represents the first carrier in a common carrier set. CIF = 001 represents the second carrier. The rest can be mapped in the same manner. There is no need to have 8 carriers in a 3-bit CIF case. Unused CIF value(s) can be reserved. 
Fig. 2 illustrates another mapping method using binary numbers of CIF to represent carriers in sequence in a common carrier set. In case of 3-bit CIF, CIF=000 represents offset one carrier from the carrier transmitting a control signal containing the CIF in a common carrier set. CIF = 001 represents offset 2 carriers from the carrier containing the CIF. The rest can be mapped in the same manner. There is no CIF value mapping to the carrier transmitting a control signal containing the CIF itself. There is no need to have 8 carriers in a 3-bit CIF case. Unused CIF value(s) can be reserved. 
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Fig. 2 Mapping by using CIF to represent offset carriers in one direction (Mapping scheme#2)
Fig. 3 illustrates an offset mapping method using binary numbers of CIF to represent offset in carrier within a carrier set. In case of 3-bit CIF, for example, CIF=000 represents the carrier transmitting a control signal containing the CIF itself. CIF = 001 represents offset “1” carrier in positive direction in a carrier set. As shown in Fig. 3, the CIF = 001 represents the (i+1)-th carrier within a carrier set. CIF = 100 represents the (i-1)-th carrier within a carrier set. The most significant bit, e.g. b2, of CIF is interpreted as offset direction and the rest bit(s) are offset values. By this method, CIF can indicate its neighbor carriers and the range of indication depends on bit width of CIF.  The method can apply to any numbers of bits in CIF. 
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Fig. 3 Mapping by using CIF to represent offset carriers in two directions (Mapping Scheme#3)
Fig. 4 illustrates another offset mapping method using binary numbers of CIF to represent offset in carrier within a carrier set. In case of 3-bit CIF, for example, CIF=000 offset “1” carrier in positive direction in a carrier set. As shown in Fig. 4, the CIF = 001 represents the (i+2)-th carrier within a carrier set. CIF = 100 represents the (i-1)-th carrier within a carrier set. The most significant bit, e.g. b2, of CIF is interpreted as offset direction and the rest bit(s) are “offset values minus 1”. By this method, CIF can indicate its neighbor carriers and the range of indication depends on bit width of CIF.  The method can apply to any numbers of bits in CIF. There is no CIF value mapping to the carrier transmitting a control signal containing the CIF itself. It will be treated as a default and given interpretation in case of without CIF field. 
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Fig. 4 Mapping by using CIF to represent offset carriers in two directions (Mapping Scheme#4)
The above four mapping schemes could be considered for RRC configuration. The mapping scheme#1 is a direct mapping from CIF values to CCs. The scheme is simple and clear for both eNB and UE. However, it is somewhat limitation to the number of active carriers due the bit width of CIF. Adding additional CIF lengths will introduce more DCI format sizes and as a result, more blind decoding times are needed. 

The mapping schemes #2, #3, #4 interpret CIF values as offset from the carrier transmitting the CIF. Scheme #2 provides maximal 8 carriers offset from the transmission carrier in on direction. Schemes #3 and #4 provide offset in both directions within an ordered carrier set. Whether the transmission carrier should contain CIF or not could be decided later in RAN1 discussion. The advantage of offset schemes is no limitation on the number of active CCs. That is, the number of CCs within a common set can be unlimited. The bit width of CIF is interpreted as addressing capability of carrier offset from transmission carrier. This kind of approaches can provide a more flexible and extensible mechanism for long-term development of carrier aggregation technology
4. Conclusions

While CI to CC mapping is decided to be configured by RRC, several proposals in the following are proposed in a configuration process.
Proposal 1: A common set of component carriers should be constructed and consistent for both eNB and UE nodes during (re-)configuration of carrier aggregation. There exists certain order between carriers within the common carrier set.

Proposal 2: Carriers in a common set could be added and removed according to activation and de-activation for UE. 

There are four mapping schemes from CIF values to CCs proposed and could be used by RRC configuration. Offset basis approaches can be used without changing CIF lengths and introducing additional blind decoding complexity while addressed carriers become more and more in future Releases.
References

[1] 3GPP RAN1#59 Meeting Minutes

[2] R1-094468, “Configuration and activation of carrier indicator field in PDCCH for multiple carrier aggregation,” LG Electronics
[3] R1-094496, “Discussion on PDCCH with carrier indicator,” Panasonic
[4] R1-094538, “Carrier Indicator for LTE-A,” CATT

























































































































































































































- 4/5 -

_1331714213.vsd
�

�

�

10


12


14


16


20


22


24


26


200


28


3-bit CIF 
(b2 b1 b0)

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1


Component 
Carrier #

CC# i

CC# i+1

CC# i+2

CC# i+3

CC# i+4

CC# i+5

CC# i+6

CC# i+7


Carrier set


300


320


340


360


30


32


34


36


330


400


420


444


460


40


42


44


46


440


#40


#400


48


480


500


520


540


560


50


52


54


56


550


#50


#500


58


580


506


600


620


640


68


60


62


64


66


660


700


720


740


760


70


72


74


76


770


#70


#700


78


780


800


820


840


860


80


82


84


86


880


#800


88


900


920


940


960


90


92


94


96


990


#90


98


3-bit CIF 
(b2 b1 b0)

0 1 1

0 1 0

0 0 1

0 0 0

1 0 0

1 0 1

1 1 0

1 1 1


Component 
Carrier #

CC# i+3

CC# i+2

CC# i+1

CC# i

CC# i-1

CC# i-2

CC# i-3

CC# i-4


The carrier transmits the PDCCH containing the CIF


Carrier set


3-bit CIF 
(b2 b1 b0)

0 1 1

0 1 0

0 0 1

0 0 0



1 0 0

1 0 1

1 1 0

1 1 1


Component 
Carrier #

CC# i+4

CC# i+3

CC# i+2

CC# i+1

CC# i

CC# i-1

CC# i-2

CC# i-3

CC# i-4


The carrier transmits the PDCCH containing the CIF


Carrier set


100


120


140


18


10


12


14


16


110


#100


180


3-bit CIF 
(b2 b1 b0)

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1


Component 
Carrier #

CC# i+1

CC# i+2

CC# i+3

CC# i+4

CC# i+5

CC# i+6

CC# i+7

CC# i+8


Carrier set



_1331714252.vsd
�

�

�

10


12


14


16


20


22


24


26


200


28


3-bit CIF 
(b2 b1 b0)

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1


Component 
Carrier #

CC# i

CC# i+1

CC# i+2

CC# i+3

CC# i+4

CC# i+5

CC# i+6

CC# i+7


Carrier set


300


320


340


360


30


32


34


36


330


400


420


444


460


40


42


44


46


440


#40


#400


48


480


500


520


540


560


50


52


54


56


550


#50


#500


58


580


506


600


620


640


68


60


62


64


66


660


700


720


740


760


70


72


74


76


770


#70


#700


78


780


800


820


840


860


80


82


84


86


880


#800


88


900


920


940


960


90


92


94


96


990


#90


98


3-bit CIF 
(b2 b1 b0)

0 1 1

0 1 0

0 0 1

0 0 0

1 0 0

1 0 1

1 1 0

1 1 1


Component 
Carrier #

CC# i+3

CC# i+2

CC# i+1

CC# i

CC# i-1

CC# i-2

CC# i-3

CC# i-4


The carrier transmits the PDCCH containing the CIF


Carrier set


3-bit CIF 
(b2 b1 b0)

0 1 1

0 1 0

0 0 1

0 0 0



1 0 0

1 0 1

1 1 0

1 1 1


Component 
Carrier #

CC# i+4

CC# i+3

CC# i+2

CC# i+1

CC# i

CC# i-1

CC# i-2

CC# i-3

CC# i-4


The carrier transmits the PDCCH containing the CIF


Carrier set


100


120


140


18


10


12


14


16


110


#100


180


3-bit CIF 
(b2 b1 b0)

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1


Component 
Carrier #

CC# i+1

CC# i+2

CC# i+3

CC# i+4

CC# i+5

CC# i+6

CC# i+7

CC# i+8


Carrier set



_1331714286.vsd
�

�

�

10


12


14


16


20


22


24


26


200


28


3-bit CIF 
(b2 b1 b0)

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1


Component 
Carrier #

CC# i

CC# i+1

CC# i+2

CC# i+3

CC# i+4

CC# i+5

CC# i+6

CC# i+7


Carrier set


300


320


340


360


30


32


34


36


330


400


420


444


460


40


42


44


46


440


#40


#400


48


480


500


520


540


560


50


52


54


56


550


#50


#500


58


580


506


600


620


640


68


60


62


64


66


660


700


720


740


760


70


72


74


76


770


#70


#700


78


780


800


820


840


860


80


82


84


86


880


#800


88


900


920


940


960


90


92


94


96


990


#90


98


3-bit CIF 
(b2 b1 b0)

0 1 1

0 1 0

0 0 1

0 0 0

1 0 0

1 0 1

1 1 0

1 1 1


Component 
Carrier #

CC# i+3

CC# i+2

CC# i+1

CC# i

CC# i-1

CC# i-2

CC# i-3

CC# i-4


The carrier transmits the PDCCH containing the CIF


Carrier set


3-bit CIF 
(b2 b1 b0)

0 1 1

0 1 0

0 0 1

0 0 0



1 0 0

1 0 1

1 1 0

1 1 1


Component 
Carrier #

CC# i+4

CC# i+3

CC# i+2

CC# i+1

CC# i

CC# i-1

CC# i-2

CC# i-3

CC# i-4


The carrier transmits the PDCCH containing the CIF


Carrier set


100


120


140


18


10


12


14


16


110


#100


180


3-bit CIF 
(b2 b1 b0)

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1


Component 
Carrier #

CC# i+1

CC# i+2

CC# i+3

CC# i+4

CC# i+5

CC# i+6

CC# i+7

CC# i+8


Carrier set



_1331695724.vsd
�

�

�

10


12


14


16


20


22


24


26


200


28


3-bit CIF 
(b2 b1 b0)

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1


Component 
Carrier #

CC# i

CC# i+1

CC# i+2

CC# i+3

CC# i+4

CC# i+5

CC# i+6

CC# i+7


Carrier set


300


320


340


360


30


32


34


36


330


400


420


444


460


40


42


44


46


440


#40


#400


48


480


500


520


540


560


50


52


54


56


550


#50


#500


58


580


506


600


620


640


68


60


62


64


66


660


700


720


740


760


70


72


74


76


770


#70


#700


78


780


800


820


840


860


80


82


84


86


880


#800


88


900


920


940


960


90


92


94


96


990


#90


98


3-bit CIF 
(b2 b1 b0)

0 1 1

0 1 0

0 0 1

0 0 0

1 0 0

1 0 1

1 1 0

1 1 1


Component 
Carrier #

CC# i+3

CC# i+2

CC# i+1

CC# i

CC# i-1

CC# i-2

CC# i-3

CC# i-4


The carrier transmits the PDCCH containing the CIF


3-bit CIF 
(b2 b1 b0)

0 1 1

0 1 0

0 0 1

0 0 0



1 0 0

1 0 1

1 1 0

1 1 1


Component 
Carrier #

CC# i+4

CC# i+3

CC# i+2

CC# i+1

CC# i

CC# i-1

CC# i-2

CC# i-3

CC# i-4


The carrier transmits the PDCCH containing the CIF


100


120


140


18


10


12


14


16


110


#100


180



