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1
Introduction
As the proposed work plan for the “Carrier Aggregation for LTE WI” in RAN4 in [1], UE category is an important issue in LTE-A. Many UE RF aspects related to carrier aggregation were discussed in some RAN4 contributions [2, 3, 4]. In this contribution, we analyzed the baseband and RF impact on UE carrier aggregation capability. We also discussed UE capabilities regarding whether dynamic UL Tx RF frequency could be supported or not in asymmetrical DL/UL carrier aggregation.
2
Analysis
2.1 UE category types for carrier aggregation
In LTE Rel-8, the UE categories are mainly restricted by baseband processing capability. As defined in [4], UE categories in Rel-8 are related to physical layer and high layer parameters. But many new characteristics such as carrier aggregation and UL MIMO in LTE-A will bring challenges to UE RF implementation. A lot of RF aspects should be taken into account in LTE-A as discussed in [1, 2]. In [2], UE asymmetric DL/UL aggregation capability was proposed as a UE category type. 
As described in [5] ：

“It will be possible to aggregate a different number of component carriers of possibly different bandwidths in the UL and the DL. In typical TDD deployments, the number of component carriers and the bandwidth of each component carrier in UL and DL will be the same.” 
There are no DL/UL asymmetric carrier aggregation deployment scenarios for neither FDD nor TDD in the suggested scenarios for Rel-10 WI from the operators co-signed contribution [6]. So at least in Rel-10, there are no DL/UL asymmetric scenarios from network’s point of view. But from UE’s point of view, DL/UL asymmetry can be allocated by the network to reduce the cost and complexity of UE. 

The key factors of UE carrier aggregation capability include maximum aggregated bandwidths, number of aggregated bands, and DL/UL symmetry. Different contiguous aggregated bandwidths require different baseband and RF processing capability. Number of aggregated bands and different aggregated bands combinations such as low + low, high + low and low +high band combinations will lead to different RF implementation. The aggregated bandwidths and aggregated bands are related to specific CA scenarios so we propose defining the type of UE carrier aggregation capability accordingly. 
Regarding UE asymmetric DL/UL aggregation capability, some RAN1 contributions has discussed the relationship between “UE capability and carrier aggregation configurations”, where two alternatives are considered [7]:
“Alternative 1: A set of UL CC(s) is configured within the UE capabilities 

In alternative 1, eNB semi-statically configures a set of UL CC(s) within the UE capabilities . As a result, only one UL CC is configured for the UEs which are capable of only 20MHz in UL.

Alternative 2: A set of UL CC(s) can be configured beyond the UE capabilities
In alternative 2, eNB can semi-statically configure a set of UL CC(s) beyond the UE capabilities, and dynamically changes the UL CC(s) used for the UL transmission under the constraint that eNB does not assign the UL CCs beyond the UE capabilities at the same TTI. As a result, multiple UL CCs can be configured for the UEs which are capable of 20MHz in UL.”
Obviously, dynamical configuration of UL transmission CC(s) can bring advantages such as uplink scheduling flexibility and load balancing. In addition, irrespectively to the traffic asymmetry, channel reciprocity in all aggregated carriers can be obtained in TDD operation such that the system performance is improved. However, alternative 2 requires RF frequency change which implies more complicated RF implementation. An evaluation of the two alternatives is needed from complexity, cost and performance. 
Based on the discussions above, possible Rel-10 UE carrier aggregation types were listed based on CA scenarios, aggregated bandwidths, number of bands, DL/UL asymmetry, and dynamical configuration of UL transmission CC(s): 
· Type 1: UE categories supporting intra-band contiguous carrier aggregation

· Type 1a: UE categories with symmetrical capability in DL and UL
This type of UEs can aggregate the same number of component carriers as well as carrier bandwidth in DL and UL. This need to confirm maximum aggregated number of component carriers and their bandwidths. According to the proposed CA scenarios in Rel-10, it is [40MHz] for FDD and [50MHz] for TDD, with no more than 5 CCs overall.
· Type 1b: UE categories with asymmetry capability in DL and UL
This type of UEs can aggregate different number of component carriers in DL and UL, preferably less number of CC in UL than DL. For example UE can transmit on only one component carrier with 20MHz badwidth. Furthermore, there are two different alternatives for such type of UEs.
· Type 1b-1: UE capable of transmit on a fixed or semi-statically UL Tx RF frequency
This type of UEs can receive on multiple DL component carriers while can only be scheduled to transmit on one of the UL component carrier in a fixed or semi-statically assigned way.
· Type 1b-2: UE capable of transmit dynamically on different UL Tx RF frequency
This type of UEs can receive on multiple DL component carriers while can be scheduled dynamically to transmit on one of the UL component carrier. This type of UEs enables more flexible scheduling and uplink carrier balancing thus improves system performance. In addition, irrespectively to the traffic asymmetry, channel reciprocity in all aggregated carriers can be obtained in TDD operation such that the system performance can be further improved.
· Type 2: UE categories supporting inter-band carrier aggregation
· Type 2a: UE categories with symmetrical capability in DL and UL
Similar as type 1a, this type of UEs can aggregate the same number of component carriers as well as carrier bandwidth in DL and UL. This need to confirm the number of aggregated bands and maximum bandwidths. Considering the time plan, implementation complexity and the proposed CA scenarios in Rel-10 consists of  2 bands (CCs) and a maximum bandwidth not over 20MHz per band. Different frequency bands combination may lead to different UE RF implementation, uplink carrier aggregation maybe related to special CA scenarios.
· Type 2b: UE categories with symmetrical capability in DL and UL
Similar as type 1b. this type of UEs can aggregate different number of component carriers in DL and UL, preferably less number of CC in UL than DL. Here we assume UL capability of only one component carrier with 20MHz bandwidth.
· Type 2b-1: UE capable of transmit on a fixed or semi-statically UL Tx RF frequency
This type of UE is quite similar as type 1b-1 with asymmetrical DL and UL capability, however, since component carriers are in different frequency bands, implementation complexity increases.
· Type 2b-2: UE capable of transmit dynamically on different UL Tx RF frequency
This type of UE is quite similar as type 1b-2 with asymmetrical DL and UL capability, however, since component carriers are in different frequency bands, implementation complexity increases. It is noted that performance improvement can be provided for type 2b-2 UEs over type 2b-1 UEs.
2.2 Baseband & RF implementation analysis
In this chapter, we analyze the implementation complexity for the above possible UE category types from Baseband and RF implementation aspects. 
Figure 1, 2, 3 below show possible UE Tx architecture options for intra-band contiguous and inter-band CA. Each of them consists of three parts: baseband, digital IF, and RF.
In Table 1, different UE category types for CA are compared. Compared to a type 1b-1 UE, a type 1b-2 UE has the same baseband part, IF part, and IF-RF interface. A notable difference is that a type 1b-2 UE shall be equipped with a wideband PA.In case component carriers are contiguous, the increase of implementation complexity of type 1b-2 is limited. However, in inter-band carrier aggregation scenario, the feasibility of implementing type 2b-2 UEs, of which possible implementation is illustrated in Figure 3, needs further study since the it requires multiple RF chains.
Table 1 Comparison of different UE category types for CA 
	UE category types for CA
	Baseband 
	Digital IF
	RF

	Type 1: Intra-Band contiguous carrier aggregation (Figure 1)

	Type 1a: 
Symmetrical DL/UL capability
	Single wideband baseband 

processing: 
e.g. [40MHz], [50MHz]
	Single wideband digital IF;

CFR & DPD technology should be considered as wideband baseband signal input;

Processing capability: [40MHz], [50MHz]
	Single wideband RF;

Wideband IF-RF interface;

Wideband PA and RF filter required

	Type 1b-1:
Asymmetrical DL/UL capability with fixed or semi-statical UL Tx RF frequency

	Same as Rel-8 UE tx
Single 20MHz baseband 
	Same as Rel-8 UE tx

Single 20MHz
	Same as Rel-8 UE tx

Single 20MHz RF

	Type 1b-2: 
Asymmetrical DL/UL capability with dynamic UL Tx RF frequency
	Same as Rel-8 UE tx
Single 20MHz base band
	Same as 1b-1

Single 20MHz
	Single wideband RF;

20MHz IF-RF interface;

Wideband PA required

	Type 2: Inter-band carrier aggregation 

	Type 2a: 
Symmetrical DL/UL capability
	Multiple baseband chains ; Processing capability per chain: [20MHz] each
	Multiple digital IF chains;

Processing capability per chain: [20MHz] each;
	Multiple RF chains;

Multiple PAs required

	Type 2b-1:
Asymmetrical DL/UL capability with fixed or semi-statical UL Tx RF frequency 
	Same as Rel-8 UE tx

Single 20MHz baseband 
	Same as Rel-8 UE tx

Single 20MHz
	Same as Rel-8 UE tx

Single 20MHz RF

	Type 2b-2: 
Asymmetrical DL/UL capability with dynamic UL Tx RF frequency 
	Same as Rel-8 UE tx
Single 20MHz base band
	Same as Rel-8 UE tx
Single 20MHz
	Multiple RF chains;

Multiple PAs required
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Figure 1: UE Tx architecture for intra-band contiguous CA & Inter-band Type2b-1
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Figure 2: UE Tx architecture for inter-band CA Type2a
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Figure 3: UE Tx architecture for inter-band CA Type2b-2
3 Conclusion
In this contribution, different possible UE category types for CA are proposed and analysed from implementation perspectives. Regarding the UEs with asymmetrical DL/UL capabilities, two alternatives are further discussed
· Alternative 1: Asymmetrical DL/UL capability with fixed or semi-statical UL Tx RF frequency
· Alternative 2: Asymmetrical DL/UL capability with dynamic UL Tx RF frequency
Our observation is that Alternative 2 provides more flexibility on scheduling and UL load balancing as well as fully exploiting channel reciprocity in TDD while keeping the similar UE architecture with alternative 1. Therefore we propose to consider and study the feasibility of alternative 2.
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