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1. Introduction

This contribution has two focuses:

· Discussing deployment scenarios and their requirement/impact on both Rel-8 and LTE-A UE implementation.  Certain deployment scenarios require or assume certain UE capability for both Rel-8 and LTE-A UEs [1], given a mixture of them will be served together. It is recognized that these assumptions need careful consultation with RAN4. Even though RAN1 may proceed with an approach indifferent to the deployment scenarios, ambiguity of the assumptions made on deployment scenarios and UE may hinder the specification development. Hence, early involvement and consultation on important assumptions with other groups is critical.

· Exploring possible system operations and their potential impact on UE power consumption. With this preliminary discussion, we hope our first attempt can prompt more analysis and eventually help RAN1 to develop efficient mechanisms to support spectrum aggregation.

2. UE Impact in Non-contiguous Aggregation Deployment
Due to the spectrum availability, operators may often find non-contiguous spectrum aggregation desirable. It can be imagined that, if the cost and power consumption are reasonable, UEs that can receive/transmit simultaneously to increase instantaneous peak data rate could be desirable. 
In an effort to develop specification to support carrier aggregation, it is certainly helpful if the specification is equally applicable to both contiguous and non-contiguous deployment, i.e., “agnostic”. Furthermore, we may also want to examine whether the specification development can be made completely agnostic to the spacing among component carrier in the non-contiguous case. In order to do so, we need to have some basic understanding of the potential UE implementation options. 

In [], we have attempted to further classify the non-adjacent aggregation case into two scenarios for the sake of clarity in discussion: 
· Non-adjacent intra-band aggregation: Certain aggregated segments are non-adjacent but all the segments belong to a single band.

· Non-adjacent inter-band aggregation: Certain aggregated segments are non-adjacent but segments can belong to a different band.

For inter-band aggregation support, separated RF front end in the receive chain becomes a more obvious choice due to the potentially large band separation between segments. Band specific duplexing filters (or selectivity filters for TDD) are needed for each aggregated segment. Practically, the number aggregated segments that can be supported in a single UE is expected to be very limited (e.g., 2), but the detailed practical limitation is better left to RAN4. As for the transmission, this inter-band aggregation may require multiple PA’s or even multiple antennas that are each tuned for a specific band.

For intra-band aggregation, using a single wideband-capable RF front end in receiver chain is possible, but likely undesirable. Analogue filter design for pre-filtering out the “unusable” portions of bandwidth whose characteristics are unknown can be challenging. If it is chosen to filter out at baseband instead, AGC and wideband ADC design can be extremely challenging due to the unknown nature of the signal on the “unusable” portion of the band. Therefore, separating RF front end may still be preferred. With regards to uplink, there are two possible implementations – 1) single transceiver with DAC and mixer covering the whole band (i.e., all non-adjacent spectrum segments) or 2) multiple transceivers with multiple DACs and mixers. Compared with the single transceiver, options with multiple transceivers may have better flexibility and better reusability of Rel-8 hardware. A single-PA that covers the entire band is still likely.

Based on the above discussion, we suggest, as a starting point, assuming that, to support non-contiguous aggregation, multiple transceivers may be used in UE DL reception and multiple transceiver with single-PA in UE UL transmission.
Another deployment scenario we brought up in previous contributions, but has had little discussion, is whether we should consider non co-located eNB transmission/reception in spectrum aggregation, especially for non-contiguous aggregation. 

Spectrum aggregation can occur for a variety of reasons ranging from a merger/acquisition of carrier networks to the acquisition of new spectrum. In the case that an existing operator expands its spectrum holdings, existing cell sites could well be used for operating aggregated spectrum. We will use the term “co-located” to describe this scenario of aggregation, but it does not mean each component carrier will have a corresponding eNB. All segments could well be served by one eNB. In the case of merger between operators, aggregation of non co-located cell sites could happen where each component carrier is associated with a network of non co-located cell sites. Even in the case of single-operator expanding to multiple spectrum holdings, due to the propagation characteristics of different spectrum, the operator may choose to geographically overlay two networks of different band while serving a LTE-A UE when an instantaneous peak rate target requires the use of multiple carriers. Key aspects of non co-located aggregation cases are: 
· Transmission on individual segments can still be assumed to be synchronous but achieving synchronisation between different non co-located eNodeBs is not as straightforward as that for the co-located case. This could mean the need of some guard subcarriers between segments even in the adjacent aggregation case.
· Dynamic co-scheduling across individual segments can be quite challenging. However, some form of loose co-ordination between non co-located segment transmissions is still possible.
The question is whether RAN1 should consider the support of non co-located operation in spectrum aggregation.
A few other issues arise in the contiguous deployment case and RAN4 should be consulted. Nevertheless,  two examples of such questions are: 

· Is guard band needed? The answer depends on the factor of whether the presence of data on those guard subcarriers causes any nonlinear distortion. For example, whether it makes AGC setting inaccurate that further causes clipping during A/D conversion.

· Does centre frequencies have to reside on raster grid (n*100KHz) while also be multiple of 15KHz (subcarrier spacing)? The answer depends on whether UE can deal with an initial LO offset that is larger than one subcarrier spacing. If a component carrier is off the raster by 15KHz to allow back-to-back contiguous aggregation without guardband, a UE may “think” its LO is off by 15KHz if it is capable to deal with that initial error. In that case, the UE can correct it LO to achieve synchronization.  

3.  UE Impact in Contiguous Aggregation Deployment
In this scenario, UE may adopt, for DL reception, a single wideband-capable (i.e., >20MHz) RF front end (i.e., a single mixer, AGC, and a wideband ADC) and a single FFT, or alternatively multiple “legacy” RF front ends (<=20MHz) with multiple FFT. For the single-transceiver option, it is noted that while the power consumption for mixer and AGC components may not be affected too much by the reception bandwidth, the power consumption for ADC components typically increases with the reception bandwidth. It might be a rough, but reasonable starting point to assume a proportional relationship. Comparing with multi-transceiver option, the single-transceiver option has more power-saving because the base current drain to power an additional transceiver (including filters, mixer, AGC, etc.) is often significantly higher than the additional power consumption due to wider bandwidth band ADC. In addition, there will be other challenges for the multi-transceiver option, such as LO leakage and inter-modulation due to multiple LOs in multi-transceiver architecture. On the other hand, a multi-transceiver architecture allows the flexibility configured to support both contiguous and non-contiguous cases.

As to UL transmission, a similar scenario arises. While it is safe to assume single PA, there are still two possible implementations – single- or multi-transceiver. Indeed, the comparison of a single-transceiver with a wideband DAC versus a multi-transceiver approach boils down to the comparison of power consumption, cost, size, and flexibility to support other aggregation types. Clearly more thorough and quantitative analysis on power consumption will help us to weight in the various possibility of power saving during the development of mechanism to support contiguous aggregation. 
At this point, it may be reasonable to assume a single-transceiver implementation for both DL and UL when UE supports contiguous aggregation.

4. Considerations on UE Power Saving 
Even though LTE-A UE will be built to support the high peak rate as targeted by IMT-Advanced, the development of standards mechanisms may still need to recognize the desire that, when UE does not need to deliver the very high data rate for its application, measures that can save UE battery power is still appreciated. These measures may involve a certain implementation from an eNB scheduler perspective, or embedded mechanism in system operation that allows UE to achieve some power saving. For example, 
1. A preferred practice is to schedule DL allocation in one component carrier as much as possible, i.e., use multiple segments only when the allocated bandwidth >20MHz in the downlink example. Of course, this is a scheduling decision by eNB. The observance of this practice may incur some burden to eNB scheduler. In some case, it may not be desired as it may require to shuffle or even to interrupt existing UEs in order to deal with the fragmented remaining resources [2]. 

2. Similarly, a preferable operation in UL may be to use, whenever possible, one component carrier when the total control and data combined traffic need can be met with the available bandwidth of a single component, or when the link budget limits to a single carrier [3]. 

The above two preferences help is reducing UE power consumption, especially in the case of a multi-transceiver UE architecture (for example, in non-contiguous case), where powering on one transceiver only when necessary may achieve significant saving. In the case of single-transceiver (for example, in contiguous case), some power saving can still be achieved by adjusting ADC bandwidth. However, the significance of potential saving requires a deeper analysis based on measurement data before RAN1 can commit on expending time  to develop any enabling mechanisms. 
Also, it is critical account for power consumed not only during data demodulation but also due to any measurement requirements on a component carrier for synchronization,  HO, or CQI/PMI reporting.

5. Conclusions

This document explored potential UE implementations and their impact on support for contiguous and non-contiguous. With some assumption of most likely implementation, we study candidate system operation scenarios and the opportunities for power saving. It seems that the level of achievable power saving is different for contiguous and non-contiguous cases. Hopefully with this preliminary discussion, our first attempt can prompt more analysis and eventually help RAN1 to develop efficient mechanisms to support spectrum aggregation.
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