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1. Introduction

PDCCH design in carrier aggregation has been discussed and summarized in the last meetings and the possible usage of a CIF(Carrier Indicator Field) has been further detailed with following baseline in [1] :
- PDCCH on a component carrier assigns PDSCH resources on the same component carrier and PUSCH resources on a single linked UL component carrier
▪No carrier indicator field

ㆍ i.e. Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) and DCI formats

- PDCCH on a component carrier can assign PDSCH or PUSCH resources in one of multiple component carriers using the carrier indicator field

▪Rel-8 DCI formats extended with 1~3 bit carrier indicator field

ㆍ Reusing Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) 

▪Solutions to PCFICH detection errors on the component carrier carrying PDSCH to be studied

- In both cases, limiting the number of blind decoding is desirable

In this contribution, to progress this issue further, we present a few simple ways to define carrier indicator field for the DCI format.   
2. Carrier indicator for DCI format  
As shown in Figure 1-(a), in this scenario that PDCCH on each CC(component carrier) assigns PDSCH resources on the same CC and PUSCH resources on a single linked UL CC, no carrier indicator field is needed. But as shown in Figure 1-(b), in this scenario that PDCCH on some CCs can assign PDSCH or PUSCH resources to not only the same CC but also to other CCs, the carrier indicator field would be needed.
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Figure 1 : Scenarios for PDCCH design in multiple CCs
For the scenario as in Figure 1-(b), the carrier indicator field can be defined as follows :
▪DCI format in PDCCH on a CC assigns PDSCH or PUSCH resources to the reference CC 

: No carrier indicator field, i.e. the number bits for additional carrier indicator field is 0
▪DCI format in PDCCH on a CC assigns PDSCH or PUSCH resources to the other CC (except reference CC)

: Rel-8 DCI formats to be extended with additional 1 or 2 bit for carrier indicator field 
Here, reference CC can be a super CC, an anchor CC or one of the backwards compatible CCs. However, to align above baseline in section 1, the reference CC can be each relevant CC that contains the DCI format to assign PDSCH or PUSCH resources.
In the following, we define numbering methods of CCs. 
▪ Figure 2-(a) : serial numbering for all CCs 

▪ Figure 2-(b) : serial numbering for all CCs except reference CC (the CC number of reference CC is 0)

▪ Figure 2-(c) : serial numbering for only configured CCs 

▪ Figure 2-(d) : serial numbering for only configured CCs except reference CC 

(the CC number of reference CC is 0)
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Figure 2 : Numbering methods of CCs

  For each numbering case of CCs, the carrier indicator field can be defined as in the tables following :
A. With numbering case in Figure 2-(a)

	Additional bit for CC indicator (0bit or 2bit)
	CC number

	number of bits = 0bit
	No CC indicator
	CC Rnumber

	number of bits = 2bit
	00
	CC {( Rnumber +1) mod 5}

	
	01
	CC {( Rnumber +2) mod 5}

	
	10
	CC {( Rnumber +3) mod 5}

	
	11
	CC {( Rnumber +4) mod 5}


Note : Rnumber indicates the number of reference CC. For example, Rnumber=2 for A in Figure 2-(a). If there is no CC indicator, then DCI format on CC 2 (that is the reference CC) can assign PDSCH or PUSCH resources to the same CC (CC 2). Additionally, if additional CC indicator bit for DCI format is 10 (or 11), the DCI format assigns PDSCH or PUSCH resources to CC with CC number 0 (or 1).

B. With numbering case in Figure 2-(b)

	Additional bit for CC indicator (0bit or 2bit)
	CC number

	number of bits = 0bit
	No CC indicator
	CC 0

	number of bits = 2bit
	00
	CC 1

	
	01
	CC 2

	
	10
	CC 3

	
	11
	CC 4


C. With numbering case in Figure 2-(c)

1) Number of configured CC : 1

	Additional bit for CC indicator (0bit)
	CC number

	number of bits = 0bit
	No CC indicator
	CC Rnumber


2) Number of configured CC : 2

	Additional bit for CC indicator (0bit or 1bit)
	CC number

	number of bits = 0bit
	No CC indicator
	CC Rnumber

	number of bits = 1bit
	0
	CC {( Rnumber +1) mod 2}

	
	1
	Reserved


3) Number of configured CC : 3

	Additional bit for CC indicator (0bit or 1bit)
	CC number

	number of bits = 0bit
	No CC indicator
	CC Rnumber

	number of bits = 1bit
	0
	CC {( Rnumber  +1) mod 3}

	
	1
	CC {( Rnumber +2) mod 3}


4) Number of configured CC : 4

	Additional bit for CC indicator (0bit or 2bit)
	CC number

	number of bits = 0bit
	No CC indicator
	CC Rnumber

	number of bits = 2bit
	00
	CC {( Rnumber +1) mod 4}

	
	01
	CC {( Rnumber +2) mod 4}

	
	10
	CC {( Rnumber +3) mod 4}

	
	11
	Reserved


5) Number of configured CC :5

	Additional bit for CC indicator (0bit or 2bit)
	CC number

	number of bits = 0bit
	No CC indicator
	CC Rnumber

	number of bits = 2bit
	00
	CC {( Rnumber +1) mod 5}

	
	01
	CC {( Rnumber +2) mod 5}

	
	10
	CC {( Rnumber +3) mod 5}

	
	11
	CC {( Rnumber +4) mod 5}


D. With numbering case in Figure 2-(d) : similar to C except Rnumber
Note : In [2], it is already proposed that the CIF bits should be defined on only actual (configured) DL or UL CCs as with the case of C or D.
3. Conclusion
In this contribution, we discussed a few ways to define carrier indicator for the DCI format. 
The carrier indicator field can be defined as following ; 
▪DCI format in PDCCH on a CC assigns PDSCH or PUSCH resources to the reference CC 

: No carrier indicator field, i.e. the number bits of additional carrier indicator field is 0
▪DCI format in PDCCH on a CC assigns PDSCH or PUSCH resources to the other CC (except reference CC)

: Rel-8 DCI formats extended with additional 1 or 2 bit for carrier indicator field 
We suggest that CIF field should be investigated further with above concepts/definition in place to progress this issue more efficiently.
4. References
[1] R1-093699, “Way forward on PDCCH for bandwidth extension in LTE-A”
[2] R1-093767, “Discussion of carrier indicator signaling in carrier aggregation scenario”, Alcatel-Lucent

































































































































1
1

