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1 Introduction
In RAN4 Ad-hoc #2 meeting, way forward for LTE-A UE categories/capabilities [1] was discussed that supported frequency band, supported bandwidth for each frequency band and the number of component carriers (CCs) for “contiguous” carrier aggregation(CA) are regarded as UE capability in CA scenario. As discussed in [2][3], the measurements are relevant to the UE RF capability. The clarification of the UE capability can facilitate RAN2 to undertake CC configuration and the measurement gap configuration. Likewise, the clarification will also facilitate RAN4 to define measurement requirement in CA scenario. In this contribution, we present our considerations on the UE capability from the CC configuration and mobility measurement point of view. 
2 Discussion 
2.1 UE Rx architecture
Different UE Rx implementation architecture would affect the UE capability. TS 36.815 [4] illustrates various Rx architectures options for three scenarios (intra band contiguous CC aggregation; intra band non - contiguous CC aggregation and inter band contiguous CC aggregation) in Rel-10. In the case intra-band contiguous aggregation, UE may adopt a single wideband-capable (i.e., >20MHz) RF front end and a single FFT, or alternatively multiple “legacy” RF front ends (<=20MHz) and FFT engines. In the case inter-band aggregation, non adjacent separate RF front ends can be used as shown in Table1. The Rx architecture is described as below. 
Table1: Possible UE Rx Architecture for the three aggregation scenarios

	Rx Characteristics

	Option 
	 Description (Rx architecture)
	Intra Band aggregation 
	Inter Band aggregation

	
	
	 Contiguous (CC) 
	Non contiguous (CC) 
	Non contiguous (CC) 

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

	B
	Multiple (RF + FFT + baseband) with BW≤20MHz
	Yes
	Yes
	Yes


2.2 Impact of the UE RF capability on measurement
UE RF capability affects the following aspects from CC configuration and mobility measurement point of view:
· CC configuration

eNB can use the information of UE capability to configure CCs for UE. In other words, the precondition of whether one carrier can be configured to UE depends on whether the carrier can be supported by the UE and which carriers UE can work on simultaneously.
· Measurement capability
Obviously, the eNB can perform measurements on the carriers which are configured and the carriers which are supported but non-configured. 
· Measurement gap 

As discussed in [2], the measurement gap configuration on the CCs also depends on the UE capability. For the case when an unused RF chain is available, the measurements on the non-configured carrier can be performed without measurement gaps. While in the case that the aggregated set including the activated carriers and the non-configured carriers which needs to be measured can not be supported by UE capability, the measurement needs measurement gaps. For the deactivated carrier, whether the measurement gap is needed is being discussed in RAN4 RRM. 
· RF retuning

When two contiguous CCs are configured for CA, a single RF Rx architecture can be used for reception of these CCs. From the power saving point of view, the UE RF is expected to tune only on the bandwidth of the activated carriers. To perform measurements on the deactivated carriers, currently operating RF chains and basebands can continue to be used, but have to be re-tuned. The action of RF retuning will result in the interruption in the ongoing connection. As we know, if the deactivated or activated scheme is removed in RAN2, the interruption caused by RF retuning also exists when measurement on a contiguous carrier in DRX state. 
2.3 UE RF capability in CA scenario 
In Rel-8/9, UE sends its RF capability to eNB in UE-EUTRA-Capability information element (IE). The IE indicates the RF supported band list and the need for measurement gaps when operating on the supported band and measuring on the inter-frequency band [5]. As we know, UE transmission bandwidth capability in each band supported by the UE is the minimum of 20 MHz in Rel-8/9, so it is no need to signal the default transmission bandwidth to eNB.
In CA scenario, it should be discussed how to generalize the possible various UE RF implementations into UE capability. Taking the aforementioned considerations in section 2.2 into account, what content of the UE capability is needed to be informed to the network in Rel-10? We present the generic UE capability information as following.

UE can inform the eNB the following information related with UE RF capability:
- Supported band list
UE supported bands are listed as in Rel-8/9. For example, shown as Fig.1, RF chain A can support band1 and ban2, RF chain B can support band3 and band4 and RF chain C can support band5, thus the band list that UE can support is { band1, band2, band3, band4 and band5}. 
- Maximum bandwidth for continuous aggregation within each supported band
UE is requested to define the capability of its continuous operating bandwidth on each supported band.
- Band combination in which bands can be supported simultaneously
All possible band combinations which UE can operate simultaneously are conveyed to the network. For example, shown as Fig.1, UE may convey the information that band1, band3 and band5 can be supported simultaneously to the network, eNB may make a decision that the component carriers CC1, CC2 and CC3 can be aggregated, and UE can work on these carriers simultaneously.
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Fig1 UE RF capability example
Assumption 1: single RF chain is adopted for intra-band CC aggregation
When two contiguous CCs are configured for CA as discussed in [2], to perform measurements on the contiguous and deactivated carriers, the interruption would occur caused by RF retuning. We think that the interruption would be negligible if UE measurement frequency for deactivated carriers is low. Of course, if the interruption due to RF retuning can not be negligible, a measurement gap may be always configured for the continuous and deactivated CC.  In both the cases, the three elements related with UE RF capability mentioned above are sufficient for eNB from CC configuration and measurement viewpoint.
Assumption 2: multiple RF chains are adopted for intra-band CC aggregation and unused RF chain exists
When two contiguous CCs are configured for CA, to perform measurements on the contiguous and deactivated carrier, it is appropriate to turning on the unused RF chain. Thus the interruption due to RF retuning or the measurement gap is avoided. In the case, the existence of the unused RF chain needs to be informed to eNB. Thus in addition to the three elements mentioned previously, the additional information related with UE RF capability may be considered. The issue needs further study.
Based on the above analysis, the following proposal is presented:

Proposal1: In Rel-10, UE should inform eNB its UE capability including supported band list, maximum bandwidth for continuous aggregation within each supported band and band combinations in which bands can be supported simultaneously.
3 Conclusions

In the contribution we present our considerations on the UE capability from the measurement point of view. Based on the above analysis, we propose:
Proposal1: In Rel-10, UE should inform eNB its UE capability including supported band list, maximum bandwidth for continuous aggregation within each supported band and band combinations in which bands can be supported simultaneously.
References

[1] R4-101488 “Way forward for LTE-A UE categories/capabilities in RAN4”, NTT DoCoMo,Nokia
[2] R4-102606, “Discussion on measurement gap in CA”, Huawei
[3] R4-102607, “Further discussion on mobility measurement in CA”, Huawei
[4] 3GPP TR 36.815 v9.2.0, “LTE-Advanced feasibility studies in RAN WG4”
[5] 3GPP TS 36.331 v8.9.0, “ Evolved Universal Terrestrial Radio Access (E-UTRA) Radio Resource Control”

































PAGE  
2

_1338277163.vsd
Band 1


Band 2


Band 3


Band 4


Band 5


RF-A


RF-B


RF-C


CC1


CC2


CC3



