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1. Introduction 

According to R2-100053, section 5.5 states UE can be configured to support Carrier Aggregation (CA) for utilizing wider bandwidth for data transmission and reception. In section 12.1, the text introduces the agreement on how UE should behave when the configured Component Carriers (CC) are activated or deactivated. However, there is no description on how the eNB determine which CCs to be configured for specific UE. This will result in a potential risk that eNB may configure the CCs that UE may not be able to process simultaneously.

If this situation happens, the CC activation procedure may be very inefficient because the CC activation command from eNB may not be acceptable by UE. So that eNB and UE may need to conduct more message exchange to identify the CC able to be supported by the UE. But UE may experience the same situation again after handover and served by another eNB. This situation should be avoided to ensure the efficient CC activation procedure can be supported by Rel. 10 specification.
This paper will discuss the problem on UE and eNB hardware capability negotiation and suggest RAN2 assume the CCs configured to specific UE shall be the ones that UE can simultaneously process.

2. Problem Statement

According to TR 36.912, there are already 29 frequency bands identified for possible usage by LTE-Advanced, where more frequency bands can be expected in the future because of IMT-Advanced spectrum allocation. It is possible that not every UE can support each of the frequency bands, for example some UE may only support 800MHz and 2GHz bands but not 3.5GHz bands. Meanwhile, eNB will only be configured to support the frequency bands available by network operator. Obviously, eNB and UE may not understand the CA capability supported by each other.
On the other hand, TR 36.912 also indicates different UE architectures under different aggregation scenarios (i.e. Figure 11.3.2.1-1). Each of the architecture depicted in TR 36.912 is reasonable to be considered as possible implementation, where other architectures are also possible up to UE vendors’ choice. This will result in the situation that even both eNB and UE can support the same frequency band, but the CC configured by eNB may still not able to be processed by UE simultaneously. For example, UE cannot support the non-contiguous CCs configured by eNB if its Option-A architecture is implemented.

Therefore, the above problem will result in the risk that the CC activation command instructed by eNB cannot be executed by UE. Then this will result in the problem that eNB need to try different combinations to test UE capability, or UE need to report something to correct eNB decision. All these will result in the difficulty to have efficient CC activation procedure and hence substantially increase the latency and unnecessary messaging overhead. An example to illustrate this problem is shown in Figure 1.
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Figure 1 Example on CC activation problem due to UE hardware capability restriction

3. CA Capability Negotiation between eNB and UE
In order to prevent the problem depicted in section 2 happen in LTE-Advanced network, it is highly recommend UE and eNB perform hardware capability negotiation before CC activation. This allows UE and eNB take time to complete the negotiation without disturbing the CC activation procedure. The CC activation latency can be reduced by this and the corresponding procedure can also be simplified. Therefore, this paper proposes the eNB shall not configure the CCs to the UE that it cannot simultaneously process, where eNB and UE shall negotiate their CA capability during the configuration procedure. The general idea is shown in Figure 2.
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Figure 2 Example on CC Configuration Procedure with CA Capability Negotiation
4. Suggested UE/eNB CA Capability Negotiation Procedure
Figure 3 shows the proposed idea on how eNB configure a set of CCs that UE can simultaneously process:

1) The eNB first inform UE all the CCs it supports
2) Base on the available CCs of eNB and the hardware capability of UE, UE reply a set (or multiple sets) of CCs that it can simultaneously process. Where the set of CC replied by UE is a subset of the CCs informed by eNB in step 1.

· The indication form can be FFS. Some index or bitmap may be considered.

3) According to the sets CCs that UE can simultaneously process, eNB configure a set of CCs for UE which is a subset of the CC sets received in step 2.
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Figure 3 Proposed procedure for CA capability negotiation between eNB and UE
In addition, it is highly desired that CC configuration can be completed as early as possible because the CC activation cannot be performed before the completion of CC configuration. This allows more flexibility for eNB to activate CCs whenever it needs, otherwise the CC activation timing will be delayed by CC configuration. Therefore, it is suggested eNB to perform CC configuration as early as possible after UE camp-on.
5. Conclusions
 
Based on the above discussion, we suggest:
Proposal#1: eNB shall not configure the CCs to the UE that it cannot simultaneously process, where eNB and UE shall negotiate their CA capability during the configuration procedure.
Proposal#2: eNB shall inform its available CCs to UE by including it into SI. During the RRC establishment, UE shall reply the subset of CCs it can simultaneously process based on its hardware capability. Then eNB shall configure the CCs based on UE reply by the RRC reconfiguration.

Proposal#3: CC configuration shall be done as early as possible after UE camp on.
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