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1. Introduction

In order for LTE-A to support DL transmission bandwidths greater than 20MHz, it was agreed in RAN1#53bis that two or more component carrier segments may be aggregated [1].

In this contribution, we first describe aggregation scenarios from the perspective of adjacent and non-adjacent carriers and co-located and non co-located cell sites. We then discuss potential implementation architectures for UE and eNB under those different aggregation scenarios. As pointed out in several examples, the UE and eNB architecture and corresponding aggregation scenario can determine the modifications needed to standards specifications. It is suggested to fully consider the scenarios and architecture impact in LTE-A development. 
2. Aggregation of Spectrum Segments

Figure 1 illustrates spectrum allocation in a typical frequency band supporting LTE-A. While the figure shows a paired spectrum scenario (FD-FDD, HD-FDD), scenarios outlined in this document can be applied for the unpaired spectrum (TDD) as well.
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Figure 1– Spectrum Aggregation for LTE-A (Paired Spectrum)

In the figure, spectrum segments labelled 
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are assumed to support LTE Rel-8 compatible signalling at least during initial LTE deployments. However, as UEs supporting later releases (e.g., LTE-A) form a significant percentage of the UE population, it may be desirable to allow the network to configure some segments to be accessible to non LTE Rel-8 UEs. A carrier segment that supports Rel-8 UEs also means that its bandwidth must be derived from the nominal set of LTE Rel-8 bandwidths {i.e. 1.4MHz, 3.0MHz, 5.0MHz, 10.0MHz, 15.0MHz, 20.0Mz}.
In Figure 1, paired segments 
[image: image4.wmf]1

S

 and 
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 are shown to be combined to create the aggregation 
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. Limiting the number of allowable combinations for spectrum aggregation should be considered in order to limit implementation and specification complexity. Even though it is a deployment related issue, it may be desirable to configure the combined segment, in the case of adjacent segments, into another nominal LTE bandwidth without incurring too much waste on inter-segment guard bands (e.g., four 1.4MHz segments re-configured to a 5MHz carrier).  

In addition to the case of intra-band adjacent spectrum aggregation shown in Figure 1, intra-band non-adjacent and inter-band are types of aggregation that may also be considered for specification in LTE-A as previously discussed in RAN4 [2].  From the perspective of spectrum availability in different bands, the three types of aggregation scenarios are:

Type A. Adjacent aggregation: All aggregated segments are adjacent to each other and belong to a single LTE-A compatible frequency band. 

Type B. Non-adjacent intra-band aggregation: Certain aggregated segments are non-adjacent but all the segments belong to a single band.

Type C. Non-adjacent inter-band aggregation: Aggregated segments belong to different bands.

Just like downlink and uplink bandwidth in a segment can be different, segment bandwidths may be different and asymmetric. The support of asymmetric bandwidths could include the extreme case of paired spectrum aggregating with unpaired spectrum that could be used for either downlink or uplink. The resulting situation of multiple DL (or UL) carriers pairing with a single UL (or DL) carrier could be an interesting topic. 

The impact of supporting each of the above aggregation scenarios will impact UE and eNB complexity and air-interface design and should be considered during the feasibility phase of LTE-A. 

3. Aggregation of Cell Sites 

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 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 segment transmission, but it does not mean each segment will have a corresponding eNB. All segments could well be served by one eNB. In the case of merger, aggregation of non co-located cell sites could happen, with each carrier segment being associated with a network of cell sites. 
Key aspects of co-located and non co-located aggregation cases are described below.

Case 1. Segment transmissions are co-located 

· Transmissions on individual segments can be assumed to be synchronous, which may imply certain preferred implementation architectures at the eNB. For example, orthogonality between segments (i.e., no inter-subcarrier interference among band-edge subcarriers between two adjacent segments) can be achieved easily so that in the adjacent aggregation scenario ‘guard subcarriers’ between segments may not be necessary.

· Dynamic co-scheduling on individual segments is possible - i.e., scheduler co-ordination, in case of one per segment, can approach the level of a single scheduler. However, co-scheduling for Type C aggregation can be challenging as the path loss and coverage can vary significantly between different EUTRA bands and therefore aggregated segments.  

Case 2. Transmissions from non co-located eNodeBs

· 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.
Regardless of the cause, it is desirable to make the minimum number of changes to the specification required to retain sufficient flexibility in supporting agreed deployment scenarios for spectrum aggregation.

4. Impact on UE/eNB RF and Baseband Architecture 

Having considered various aggregation scenarios from the perspective of spectrum aggregation type and site location deployment, potential UE/eNB architectural options are captured in Table 1, which is described in detail in the text followed.
Table 1 – Possible UE and eNB Architectures in Three Aggregation Scenarios 

	
	Adjacent
(Type-A)
	Non-adjacent, Intra-band 
(Type-B)
	Non-adjacent, 
Inter-band 
(Type-C)

	UE (RX)
	· Option 1: single (RF + FFT + baseband) with BW>20MHz

· Option 2: multiple (RF+FFT) with each BW<=20MHz 
	Likely Option 2 
	Option 2 

	UE (TX)
	· Option A: single (baseband + IFFT + DAC + mixer + PA)

· Option B: multiple (baseband + IFFT + DAC), single (stage-1 IF mixer + combiner @ IF + stage-2 RF mixer + PA)

· Option C: multiple (baseband + IFFT + DAC + mixer), low-power combiner @ RF, and single PA

· Option D: multiple (baseband + IFFT + DAC + mixer + PA), high-power combiner to single antenna
	Likely option B, C, or D
	Likely requiring multi-PA, i.e., option D, plus its variant (depending on the specific EUTRA bands being aggregated), i.e., 

· Option D1: multiple (baseband + IFFT + DAC + mixer + PA + band-specific antenna) 

	eNB (TX, co-located deployment)
	Same options A~D as in UE (TX), plus

· Option E (variants of option-A for very high-power wideband eNB): single baseband + IFFT + DAC + mixer, multiple PA, high-power combiner to single antenna
	Same as above 
	Same as above 

	eNB (Tx, non co-located deployment)
	Each eNB supports one segment, i.e., same as non-aggregated case
	Same as non-aggregated case
	Same as non-aggregated case

	eNB (RX, co-located deployment)
	Option 1 or 2 as in UE (RX)
	Likely option-2
	option-2

	eNB (RX, non co-located deployment)
	Each eNB supports one segment, i.e., same as non-aggregated case
	Same as non-aggregated case
	Same as non-aggregated case


UE architecture (RX)

· Type A aggregation  (Adjacent)
UE may adopt a single wideband-capable (i.e., >20MHz) RF front end (i.e., mixer, AGC, ADC) and a single FFT, or alternatively multiple “legacy” RF front ends (<=20MHz) and FFT engines. In the case of multiple FFT, baseband processing can still merge at either PHY or MAC layer depending on how the MAC-layer packets are mapped to PHY channels in each segment.   Ultimately, the choice between single or multiple transceivers comes down to the comparison of power consumption, cost, size, and flexibility to support other aggregation types.

· Type B aggregation (Non-adjacent, Intra-band)
In this case, using a single wideband-capable RF front end is possible, but likely undesirable. Analogue filter design for pre-filtering out the “unusable” portion that is unknown in location and bandwidth can be challenging. If choose 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, option-2 of separating RF and FFT baseband modules may be preferred, which may also be flexible to support type-A scenario. 

· Type C aggregation (Non-adjacent, Inter-band)
Option-2 of separating RF front ends 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).

UE architecture (TX)

· Type A aggregation  (Adjacent)
Figure 2 illustrates various architectures according to where the segment signals are combined, i.e., at digital baseband, or in analog waveforms before RF mixer, or after mixer but before the PA, or after the PA. 
In this adjacent aggregation scenario, the UE very likely has one PA. Connected to the PA can be a single RF chain (a zero-IF or ZIF mixer, a wideband DAC, and a wideband IFFT) in option A. Instead of a single wideband IFFT and DAC, options B, C, and D all use a legacy IFFT and DAC (i.e., up to 20MHz). Since the cost and complexity of the DAC is dependent on the bandwidth of the input signal, a key consideration for these three options is the use of legacy DAC (more generally, a legacy transceiver subsystem) for up to 20MHz transmission bandwidths. Option-B combines analog baseband waveforms from segments first (e.g., via a mixer operating at an IF of roughly the bandwidth of the other segment in the example of 2-segment aggregation). Then the resulting wideband signal is up-converted to RF. Option-C does ZIF up-conversion of each segment before combining and feeding into a single PA. Option-D employs multiple RF chains and multiple PAs after which the high-power signals are combined and fed into a single antenna. PA coupling at the UE can be challenging for option-D.

· Type B aggregation (Non-adjacent, Intra-band)
In this case, a single FFT becomes unlikely, which removes option-A. A single-PA that covers the entire band is still likely. 

· Type C aggregation (Non-adjacent, Inter-band)
This inter-band aggregation may require multiple PA’s or even multiple antennas that are each tuned for a specific band as illustrated in option D1. 
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 Figure 2 – Options of UE transmission architecture

The potential impact of UE transceiver architecture on standards specification may be seen in a few examples:

1. In the case of a multi-transceiver UE architecture, for power saving purposes, it would be preferable to power on a transceiver only when necessary. It could mean a preferred practice is to schedule DL/UL allocation in one segment 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. Nevertheless, the knowledge of UE architecture at eNB may help the scheduling decision. A more important question is how a UE can maximize the power saving when monitoring the aggregated spectrum, considering that sufficient lead time is needed when powering on and off a transceiver.
2. On the other hand, single-transceiver architecture in the adjacent aggregation case allows more dynamic access to all segments. Hence it may be more desirable to maximize the wideband DL processing capability by assigning as a wideband allocation as possible, so that the UE can go to sleep sooner, resulting in a small duty cycle for maximal power saving. 

3. In the case of UL, the architecture of single or multiple PA determines the UL transmission practice as to whether or not and how well OFDM, N x SC-FDMA, Clustered DFT-S-OFDMA can be supported. In the case of segment-specific PA, CM of combined signal is not a concern and each segment will have a fixed maximum transmit power. But the single-PA architecture potential impacts the power control procedure when its power is shared among segments. Furthermore, whether the multi-segment UL signal is combined digitally (i.e., at baseband) or in analog (at IF or RF) also affects the UL access scheme choices. For example, clustered DFT-S-OFDMA may not work well with the architecture of analog combining because the phase of segment signal cannot be accurately controlled as in digital domain with a single IFFT. Combining analog segment signal affects also the power control accuracy in terms of accurate power ratio among different segments due to the less precise gain control of analog components in the transmission RF chain. 
5. Subcarrier placement for Adjacent Segment Aggregation

In Type A aggregation, an aggregated bandwidth is formed from intra-band adjacent carrier segments in synchronous co-located cells. As shown in Figure 3, aggregated carrier segments may be aligned perfectly with no inter-segment separation or in some cases reserve subcarriers may be placed between segments to ensure placement of centre frequencies of each aggregated segments on the 100kHz frequency raster. 

In more detail, if two adjacent 20MHz segments are aggregated (i.e., each DL segment has 1201 subcarriers including DC), the centre frequency of one of the segments (Segment 2 in the example) will be placed off the 100kHz raster by 15kHz. Hence, LTE Rel-8 UE’s may not be able to detect the downlink synchronisation signals (i.e., P-SCH) placed across the centre frequency of segment 2 if the UE cannot deal with an initial LO offset of more than 1 subcarrier spacing
.  
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Figure 3 - Centre frequency placement for adjacent segment concatenation

In order to address this issue, reserved subcarriers can be introduced [3] between adjacent segments so that the centre frequency of each segment is placed on the 100kHz raster. For the example of DL segment aggregation shown in Figure 3 (20MHz+20MHz), 19 subcarriers have to be reserved between segment 1 and segment 2. Table 2 below shows the number of subcarriers that have to be reserved to ensure raster alignment for different bandwidth combinations.  

Table 2 - Reserved subcarriers in uplink
 and downlink in adjacent spectrum aggregation
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#RBs Avialable in Aggregated Segment (RBs)

100+25 100+50 100+75 100+100

#Reserve subcarriers for DL (#Subcarriers)

9 19 9 19

#Reserve subcarriers for UL (#Subcarriers)

11 20 11 20


6. Conclusions

This document details different deployment scenarios and spectrum aggregation types (i..e, Type A, Type B and Type C) that can be considered for LTE-Advanced in addition to their impact on UE and eNB architectures. Based on the discussions in this document, we propose that RAN1 consider the following aspects while designing signalling support for LTE-Advanced

· Layer 1 signalling design for LTE-A should take into account both spectrum aggregation type (i.e.,,  adjacent vs. non adjacent segments being aggregated from same or different frequency bands) and deployment scenario (individual segment transmissions from collocated vs non-located eNodeBs) 

· Different UE architecture options should also be considered 

· Number of allowable bandwidth combinations for spectrum aggregation should be limited in order to reduce specification and implementation complexity. 

· Individual segments of an aggregated carrier should be able to be configured to serve Rel-8 UEs that scan for centre frequencies placed on a 100kHz raster, and preferably be configured for LTE-A UEs only in future deployment migration.  
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� For the example being discussed, since the center frequency of segment 2 is ‘off’ the raster by only 15kHz, a typical Rel8 UE with sufficient LO offset compensation capability, can still detect P-SCH on segment under most circumstances.


� Reserve sub carriers have to be added in uplink also, if the same duplexer separation (between uplink and downlink) is desired for both the aggregated segments
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