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1 Introduction

This contribution provides an analysis of new sub-features introduced by carrier aggregation WI in Rel-10 LTE. 
UE capability modeling for CA is described in [7].
2 Discussion
In order to identify the new sub-features and functionalities, we review the CR database (ftp://ftp.3gpp.org/Information/Databases/Change_Request/) to identify the agreed Rel-10 CRs that are relevant to CA. Those CRs are listed in Table 1.
	RAN #
	RP number
	CR Status
	TS
	CR Title
	Type
	
	WI

	RP-48
	RP-100634
	Approved
	36.942
	LTE-Advanced Co-existence
	B
	R4
	LTE_CA-Core

	RP-50
	RP-101226
	Approved
	36.302
	Introduction of CA to TS36.302
	B
	R2
	LTE_CA-Core

	RP-50
	RP-101226
	Approved
	36.321
	Introduction of Carrier Aggregation
	B
	R2
	LTE_CA-Core

	RP-50
	RP-101227
	Approved
	36.331
	Introduction of Carrier Aggregation and UL/ DL MIMO
	B
	R2
	LTE_CA-Core, LTE_UL_MIMO-Core, LTE_eDL_MIMO-Core

	RP-50
	RP-101268
	Approved
	36.306
	Inclusion of new UE categories in Rel-10
	B
	R2
	LTE_CA-Core, LTE_UL_MIMO-Core, LTE_eDL_MIMO-Core

	RP-50
	RP-101320
	Approved
	36.211
	Introduction of Rel-10 features
	B
	R1
	LTE_CA, LTE_eDL_MIMO, LTE_UL_MIMO

	RP-50
	RP-101320
	Approved
	36.212
	Introduction of Rel-10 features
	B
	R1
	LTE_CA, LTE_eDL_MIMO, LTE_UL_MIMO

	RP-50
	RP-101320
	Approved
	36.213
	Introduction of Rel-10 features
	B
	R1
	LTE_CA, LTE_eDL_MIMO, LTE_UL_MIMO

	RP-50
	RP-101359
	Approved
	36.101
	CR for CA, UL-MIMO, eDL-MIMO, CPE
	B
	R4
	LTE_CA-core

	RP-50
	RP-101359
	Approved
	36.104
	Introduction of Carrier Aggregation for LTE in TS 36.104
	B
	R4
	LTE_CA-Core

	RP-50
	RP-101359
	Approved
	36.942
	Additional of LTE-Advanced co-existence simulation results (scenario #4)
	B
	R4
	LTE_CA-Core

	RP-50
	RP-101359
	Approved
	37.104
	Introduction of Carrier Aggregation for LTE in TS 37.104
	B
	R4
	LTE_CA-Core

	RP-50
	RP-101429
	Approved
	36.331
	Inclusion of new UE categories in Rel-10
	B
	R2
	LTE_CA-Core, LTE_UL_MIMO-Core, LTE_eDL_M


Table 1: CR list for Carrier Aggregation WI
In the following, we firstly identify sub-features based on Table 1and provide our analysis on them.
1. Carrier Aggregation: Carrier Aggregation is introduced to enhance the transmission rate up to 1Gbps. It is our understanding that not all the UEs require such high transmission rate (e.g., UE category 1 to 5) and not all the operators have available bandwidth for aggregation. So, we think CA feature is optional in Rel-10 and a FGI bit is required. 
2. Support of Scell Configuration [2]: The definition of carrier aggregation is to have a Pcell and one or more Scells. So, we think this subfeature is mandatory if CA is implemented.
3. Scell activation/deactivation [1]: The default state of Scell after reconfiguration (e.g.: CC addition or handover) is deactivated. To resume normal operation, an activation command is required. So, we think this subfeature is required if CA feature is implemented. It is mandatory. 
4. New UE category: New UE category 6-8 will be introduced in Rel-10. However, based on RAN1 LS [3], CA-enabled UE can also be category 5. So, we think a new IE for UE category is required but it is optional. 

5. Measurement and report enhancement [2]: For carrier aggregation, there are some changes to the mobility measurement and reports, which are:
· Generalization of measurement event A1, A2, A3 and A5: we think it is mandatory for mobility management and Scell management.
· New measurement event A6 for Scell management: we think it is mandatory for Scell management.
· Measurement report always includes all serving cells (Pcell and Scell): we think it is mandatory.
· Additional report for the best non-serving cells in the serving frequencies: It is used for so-called snap-shot report for reporting enhancement. We think it is optional and indicated in UE capability message.
6. Extended PHR for CA operation: Type-1 and Type-2 extended PHRs are introduced in Rel-10, and parallel transmission of PUSCH and PUCCH is allowed. We think extended PHR is mandatory for CA.
7. Extended BSR: The supported transmission data rate depends on UE category. For category 5 UE that support CA, extended BSR seems unnecessary. So, we think an extended BSR table is optional and not necessarily tied with CA feature. Extended BSR is supported if UE category is larger than 5.
8. Operating band for CA:  Operating bands for carrier aggregation are identified. For intra-band aggregation, Band 1 and Band 4 are band candidates. For inter-band aggregation, Band 1&5 aggregation is the only identified operation band [2]. The support of those defined band depends on UE implementation. So, we think the support of CA bands is optional and an IE for UE capability message is required.
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_1
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz  
	–
	2170 MHz
	FDD

	CA_40
	40
	2300 MHz 
	–
	2400 MHz
	2300 MHz 
	–
	2400 MHz
	TDD


Table 1: Intra band CA operating bands [2]
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_1-5
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	


Table 2: Inter band CA operating bands [2]
· Intra-band aggregation: It is our understanding that inter-band aggregation is supported if CA feature is implemented. So, we think this sub-feature is mandatory. 

· Inter-band aggregation: The support of inter-band aggregation is UE-dependent . So, we think this subfeature is optional.
9. MIMO support: RAN1/4 LS [4][5] state that the CA capability signaling is linked with the MIMO operation mode. So, we think the two features should be cross-referenced in the capability modeling. A detail discussion of the CA/MIMO signaling is given in [6].
3 Conclusion and Recommendation
In this document, we identify and discuss the sub-features introduced by CA WI. Based on the above discussion, we suggest:

Proposal 1: The mandatory sub-features should be implemented if CA feature is implemented.
Proposal 2: The support of the optional sub-features should be indicated in the UE Capability message. 
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