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1 Introduction
RAN2 had agreed on the following statement during RAN2#69: 

“The configuration of DL/UL component carrier is within UE’s aggregation capability. As a consequence of the latter activation/deactivation is as well within UE capability.”
However, the CA capability may be very different from one UE to another according to TR 36.912 [1]. This paper reviews the possible capabilities and suggests to discuss the CA capabilities need to be negotiated between eNB and UE. So that RAN2 can further specify CA capability negotiation procedure before CC configuration and prevent eNB configure improper CCs that UE cannot simultaneously process.
2 Discussion on UE CA Capability
According to the TR 36.912, 4 UE transmitter architectures (11.3.2.1) and 2 UE receiver architectures (11.3.3.1) are identified. The Carrier Aggregation (CA) capability for the UE with different architecture will be much different. This paper would like to first review those identified architectures and then discuss the corresponding capabilities.

The UE transmitter architectures identified in TR 36.912 include the options:

A – Single (baseband + IFFT +DAC + mixer +PA)

B – Multiple (baseband + IFFT + DAC), single (stage-1 IF mixer+combiner at IF+stage-2 RF mixer+PA)

C – Multiple (baseband + IFFT + DAC + mixer), low-power combiner at RF and single PA

D – Multiple (baseband + IFFT + DAC + mixer + PA), high-power combiner to single antenna or dual antenna
The UE receiver architectures identified in TR 36.912 includes the options:

A – Single (RF + FFT + baseband) with BW>20MHz

B – Multiple (RF + FFT + baseband) with BW≦20MHz
It may be difficult to predict which combination of UE transmitter and receiver architectures will be adopted for Rel-10 UE implementation, which is vendor specific. But obviously Option A UE transmitter architecture will most likely be considered along with Option A UE receiver architecture. This is the simplest hardware architecture to substantially reduce Rel-10 UE implementation cost.

Base on TR 36.912, it has been noted that UE transceiver architecture A can only support contiguous intra-band CA. The architecture B and C may support both intra-band contiguous or non-contiguous CA. For architecture D, all intra-band contiguous, intra-band non-contiguous and inter-band non-contiguous can be supported.
From UE receiver architecture perspective, architecture A can only support intra-band contiguous CA while architecture B can support all scenario by higher implementation cost. Please note that architecture A can actually mixed with architecture if each baseband in architecture can process multiple carriers as architecture. There are many different way to achieve better tradeoff among those different architectures.

In summary, there are many different UE transmitter and receiver architectures identified in TR 36.912. It is necessary for eNB to confirm UE capability before CC configuration and then activation.

Observation#1: It is necessary for eNB to confirm the CA capability of UE before CC configuration
3 Discussion on CA Capabilities to be Negotiated
In addition to the UE transceiver architecture, there are still other variables that will impact to CA capability for each UE:
(1) Baseband processing capability – Take the baseband processor with 4096 FFT for example, eNB may need to know whether UE can simultaneously process “20+20”, “10+10+10+10”, “10+20+10”, “5+5+5+5+5+5+5+5”or any other combination (e.g. by 1.4, 3, 15MHz carriers). So that eNB will not configure some CCs that UE cannot process.
(2) Filter mask – The RF mask requirements for supporting 2×10MHz CC and for 1×20MHz CC will be different. This may be implementation issue, but RAN2 need to be aware of this in advance.
(3) Unpaired UL/DL CC – Currently RAN1 is discussing having one UL CC associated with multiple DL CC, this may because UE is only capable to process one UL CC. eNB will need to know this restriction before CC configuration.
(4) Number of antenna for each CC – In UE transmitter architecture D and receiver architecture B, UE may equip with multiple baseband and multiple RFs. If UE will not mix all baseband signal over each antenna, the supportable MIMO order over each CC will be different. Take 4 antenna for eNB and UE example, UE may be able to support 4×4 MIMO when supporting one CC but may only support 4×2 and 4×1 MIMO when support 2 and 4 CCs respectively.

(5) Support of additional RB – Not every UE can process additional RB over guard sub-carriers. For transceiver architecture A, UE may only process the additional RBs in between of two adjacent CCs to prevent changing RF filter mask. There are also other possibilities but pending on UE processing capability.

According to the Prioritized Deployment Scenarios for LTE-Advanced by R4-091464 [2] previously identified, both contiguous/non-contiguous, intra-band/inter-band spectrums are identified base on operator’s demand. It will be difficult to simply consider one specific set of UE capabilities base on specific CA deployment scenario, which does not align with operator’s demand.

This result in the situation that CA deployment scenario requests by network operators are broadly diverse, while it is very difficult to identify which capabilities or parameters that UE need to report to eNB. Therefore, the simplest way is to let eNB inform UE the CA scenario it supports first, and then UE will only report its capability base on what eNB already supports. For example, UE will not report the capability relative to inter-band CA if eNB only supports intra-band CA.
Observation#2: It is necessary for eNB to inform UE its CA capabilities first, and then UE report its CA capabilities accordingly.
4 Conclusion
It is recommended that RAN4 have further discussion to identify the CA capabilities of UE need to be confirmed by eNB before CC configuration. In order to ensure UE with different CA capabilities can work well in Rel-10 network, it is recommended for RAN4 to draft a LS to RAN2 for reflect the above observations.
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