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1. Introduction 

A new Work Item for “Carrier Aggregation for LTE” was agreed in RAN #46 [1]. 

First consideration on UE architectures to support carrier aggregation were presented in  RAN4 meeting #50bis [5]

 REF _Ref250713434 \r \h 
[6]

 REF _Ref250713435 \r \h 
[7] impact. Based on these considerations we further discuss different options in this contribution as a basis of UE category discussion.
2. UE architectures 
In this section we discuss the UE architectures to meet the targets of carrier aggregation.
2.1. Intra-band contiguous
Based on the discussion presented in [5] it is felt that in order to reach reasonable power consumption levels and complexity with AD converters in the foreseeable future, the maximum DL bandwidth in intra-band contiguous case should be limited to 40MHz. Hence ‘simple’ single receiver chain architecture should be considered only to be capable of receiving at maximum 40MHz in contiguous manner. When considering wider DL bandwidths, it should be accounted that they either require much higher power consumption (single chain) with more limited ADC performance or alternatively duplication of certain parts of the RX chain. Duplication/splitting of RX chain introduces its own challenges which are discussed under the intra-band non-contiguous case in section 2.3. 
As also discussed on [5] on TX side the DA conversion technology is not a limiting factor. Naturally more limited output power (23dBm) in handheld terminals will decrease the power spectral density limiting the benefit from wider UL allocations. However could be considered that in case of intra-band contiguous aggregation also the wider UL allocations can be achieved with single TX chain. 
Additional aspect effecting the UL performance and complexity is the resource allocation. In intra-band contiguous UL transmission when for example 2 component carriers are configured there are two obvious cases how to use the carriers

· Use only one carrier for UL transmission unless the need for BW is more. In that case use the second carrier such way that 1st and 2nd carrier form a single block

· Use carrier freely and create two separate transmissions with in a channel

The latter approach can create strong IM products as was reported [4] in and strong in-band emissions. This approach can lead to very complex MPR/A-MPR arrangements which need to be accounted.
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Figure 1 Example of UE architecture for 40 MHz and 80MHz DL and 40MHz  UL contiguous operation

2.2. Inter-band non-contiguous
As discussed in earlier contributions, supporting inter-band carrier aggregation in DL will require multiple receiver chains that can be allocated to receive signal from different bands. Thus assuming that bands are sufficiently apart (in FD) these can be separated by diplexer, or in the case of close bands, with quadplexer. Whether inter-band aggregation imposes more stringent requirements for L1 and higher layer signal processing than contiguous allocation is dependent on the total bandwidth and number of carriers. Thus if the maximum bandwidth is same as in case of intra-band contiguous aggregation, the processing requirement could be expected to remain at same level. 
Similar to inter-band aggregation in DL, certain transmitter parts need to be duplicated to be able to support inter-band aggregation in UL. Duplicating the transmitters is expected to introduce some challenges. The reason for the caution in this matter is that two simultaneous transmitters can easily mix in active elements and create emissions in out-of-band or spurious domain or in either of the received channel frequencies causing self quieting. Mixing products can also occur in LO frequencies causing LO degradation and therefore reception quality degradation.
2.3. Intra-band non-contiguous

At first it seems logical that if a UE is capable of receiving from two different bands it also capable of receiving from two different positions on same band. E.g. by concatenating the two receivers to work on single band. This is not the case however. 
Allocating two receivers on same band would either require them to have separate antennas or the signal to both be taken from same antenna(s). Introducing duplicate antennas seems bit challenging in terms of size and form factor. Splitting the signal would seem to be only viable option. However, introducing additional components (spliters/switches) before the LNA would make the noise figure worse in general, and actual splitting would cause 3dB loss in noise figure. Thus the signal separation would need to be done after the LNA. 
Additional challenge is allocating local oscillators (LO) very close to each other (in frequency domain) which leads to LO pulling. This degrades LO purity and leads to degradation of the reception quality.
Figure 2 highlights the UE front-end 
difference between the inter-band and intra-band aggregation.
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Figure 2 Difference between intra and inter band non-contiguous UE receiver Front-end architectures
3. Conclusions

In this contribution we have revisited the discussion related to different UE architectures required to support carrier aggregation. Different types of aggregations set different challenges for the terminal design and these should be considered when setting the requirements and also when looking the UE categories. In order to enable timely introduction of carrier aggregation capable terminals the requirements should be partitioned in reasonable manner allowing limited implementation complexity while enabling covering of the relevant scenarios.
References

[1] RP-091440, Work Item Description: Carrier Aggregation for LTE, RAN#46

[2] R4-091011 
Prioritized Deployment Scenarios for LTE-Advanced studies, NTT DOCOMO et al

[3] R4-081028 
LTE-Advanced Ad-Hoc in RAN-WG4 #50 
[4] R4-092247 
LTE-A carrier aggregation UL harmonics and inter-modulation, Samsung
[5] R4-091204 
Study of UE architectures for LTE-A deployment scenarios, Nokia
[6] R4-091366, “LTE-Advanced; UE Tx characteristics,” Motorola
[7] R4-091367, “LTE-Advanced; UE Rx characteristics,” Motorola

1
1

