3GPP TSG RAN WG1 Meeting #55bis
R1-090036
Ljubljana, Slovenia
12th  – 16th  January, 2009

Agenda item: 
9
Source: 
QUALCOMM Europe
Title: 
UE Implementation Impact due to Inter-Band Multi-Carrier HSDPA Operation 
Document for:
Discussion
1
Introduction
In [1], a WID was proposed and discussed in RAN#42 with regard to Multi-Carrier HSPA evolution. As per the RAN#42 meeting minutes, the conclusion of that discussion was to study the items proposed in [1] under the existing study item [2] on dual cell operation in HSPA. Below is an excerpt from the meeting minutes, highlighting this conclusion.

The items shall be studied under the existing SI with the scope limited to the items proposed in this WI proposal.

One of the objectives of the study item [2] is to identify the impact on UE implementation. Below is an excerpt from [2], highlighting this objective.
The study should aim to fulfill the following objectives:
…

· Identify the UE, UTRAN and system impacts of introducing downlink dual-cell operation to the existing UTRA system. 

· Impacts on implementation within the UTRA and UE

….

In Release 8, dual cell operation on adjacent carriers was introduced in HSDPA. In [1], a proposal was made to allow for three or four HSDPA carriers to be aggregated as well as allow for combining the MIMO operation in up to two carriers. In this contribution, we perform an estimate of UE implementation impact due to these features when the carriers are aggregated across two different bands (inter-band case). The major focus is on the RF/Front end sub-systems of the receiver since the processing impact to the base-band sub-systems is independent of which band the carriers are being transmitted in. The details of the processing impact to the base-band sub-systems for these features are discussed in [3]. A fair comparison is performed against a DC-HSDPA UE implementation. 
2
Multi-Carrier HSDPA High Level Requirements
Based on the scope of the MC-HSDPA WID [1] and DC-HSDPA study item [2] we list below some high level UE requirements. The texts marked in italics are excerpts taken from [1], which in turn are used to derive high level requirements for MC-HSDPA operation.
· Specify multi carrier HSDPA operation for the following scenarios:

· The multi carrier transmission only applies to HSDPA physical channels

· The carriers belong to the same Node-B and when on the same band, are on adjacent carriers

· MIMO can be combined with up to two HSDPA carriers in up to two separate frequency bands

· The carriers operate in up to two separate frequency bands

· Up to three/four HSDPA carriers can be aggregated

From the above proposal we infer the following UE requirements with regard to aggregation of multiple HSDPA carriers:
· A MC-HSDPA UE should be capable of simultaneously receiving 1, 2, 3 or 4 carriers.
· In the case of Intra-band carrier aggregation, the carriers are adjacent.

· The following configurations are possible when multiple HSDPA carriers are aggregated
· 1 carrier in a single band (Release 5 onwards)

· 2 adjacent carriers in a single band (Release 8)

· 3 adjacent carriers in a single band

· 4 adjacent carriers in a single band

· 1 carrier in Band 1 and 1 carrier in Band 2

· 2 adjacent carriers in Band 1 and 1 carrier in Band 2 or vice versa

· 2 adjacent carriers in Band 1 and 2 adjacent carriers in Band 2

· 3 adjacent carriers in Band 1 and 1 adjacent carrier in Band 2 and vice versa

· For each of the above cases, the UE may demodulate and decode MIMO transmissions in up to 2 carriers.
3
UE Types

Since the focus of this document is to analyze the impact of MC-HSDPA operation on the UE RF/Front end sub-systems when the carriers are aggregated across different bands, we classify the UE types based on how the carriers are allocated and  the number of receive antennas per carrier but do not distinguish further (eg. MIMO enabled or disabled, peak UE data throughput etc).

In the following, for the purpose of UE implementation impact analysis, we perform a comparison of the following UE types:
· Baseline Release 8 Intra-band DC-HSDPA UE
· 2 adjacent carriers are aggregated in a single band

· 2 Rx antenna diversity per carrier

· …
· DC-HSDPA Inter-Band UE

· 2 carriers are aggregated across two different bands
· 2 Rx antenna diversity per carrier

· …
· MC-HSDPA Inter-band Type A UE
· 2 adjacent carriers in Band 1 and 1 carrier in Band 2 or vice versa
· 2 Rx antenna diversity per carrier
· …
· MC-HSDPA Inter-band Type B UE

· 2 adjacent carriers in Band 1 and 2 adjacent carriers in Band 2
· 2 Rx antenna diversity per carrier
· …
· MC-HSDPA Inter-band Type C UE

· 3 adjacent carriers in Band 1 and 1 adjacent carrier in Band 2 and vice versa
· 2 Rx antenna diversity per carrier
· …
4
Sharing antennas across bands using diplexers

While it may be convenient and conservative to design an RF front end that utilizes single-band antennas, in this document we focus on practical RF/Front end designs that allow for use of diplexers thereby allowing 2 different  bands to be shared by the same antenna.
A diplexer [7]-[12] is a three-port circuit network for separating different frequency signals and plays a critical role in dual band communication system. It output high frequency signals and low frequency signals to different ports. In addition, diplexers also combine different frequency signals together.

Figure 1 illustrates a functional block diagram of a conventional diplexer. The diplexer comprises a low-pass filter and a high-pass filter and filters input signal from antenna terminal A1, to both input/output ports I/O port 1 and I/O(2) according to frequency band of the input signal.
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Figure 1: Block diagram of a conventional diplexer
In order to accommodate inter-band operation in the UE device, it is of paramount importance that the diplexer component be compact in size. Low temperature co-fired ceramic (LTCC) technology offers a promising solution for this purpose, due to its high performance, high integration density, and high reliability [6]. In particular, [7]-[11] address the design of compact diplexers for 900 MHz and 1.9 GHz bands.
We list below the abstract of one of these references:
[6]
Lee B.H, “Compact multi-layer diplexer for dual mode portable telephones”, Microwave and Optical Technology Letters, Vol. 39, No. 3, pp. 237-239, August 2003
Abstract: A new compact and effective lumped-element diplexer structure targeted for low-temperature co-fired ceramic (LTCC) implementation that can exhibit high levels of isolation between low-pass and high-pass filters is proposed. Design equation formulations that take into account the isolation between the two filters are presented. As an example, a multilayer ceramic (MLC) chip diplexer in a dual-mode portable telephone for 900-MHz digital-cellular and 1.9-GHz personal communication systems is designed and fabricated. The simulated results are compared with the measured data and good agreement is reported.
As per a diplexer manufacturer’s data sheet [9], the state of the art diplexer introduces a slight insertion loss of 0.4dB (max at 25C) on the low band (892.00 ± 68.00 MHz) and 0.6dB (max at 25C) on the high band (1850.00 ± 140.00 MHz).
Based on the discussion in this section, we conclude that the implementation and fabrication of diplexers in cellular handsets, that support dual-band operation across 900 MHz and 2.1GHz is highly feasible, thereby allowing for a single antenna to be shared across both the bands.
5
Impact to RF/Front End
Figures 1, 2 3, 4 and 5 illustrate high level block diagrams for the RF/Front End receiver sub-systems of the 5 different UE types being considered in this analysis. Table 1 summarizes the impact to RF/Front End sub-systems of each of the 5 UE types.
[image: image2.emf]Rx Antenna 2

Rx Antenna 1

5 MHz 5 MHz

f

F1 F2

F2 A1

F1 A1

RF 

down-

conversion

Low Pass 

Filter

ADC

RF 

down-

conversion

Low Pass 

Filter

ADC

F1 A2

F2 A2

f

0

10 MHz

X

f1

0

f

X

f2

0

f

X

f1

0

f

X

f2

0

f

Carrier Separation/

Antenna Separation

To Base-band


Figure 2: Baseline DC-HSDPA Intra-band UE: High Level Receiver Block Diagram
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Figure 3: DC-HSDPA Inter-Band (5MHz+5MHz) UE: High Level Receiver Block Diagram
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Figure 4: MC-HSDPA Inter-Band Type A (10MHz+5MHz) UE: High Level Receiver Block Diagram
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Figure 5: MC-HSDPA Inter-Band Type B (10MHz+ 10MHz) UE: High Level Receiver Block Diagram

[image: image6.emf]Carrier Separation/ Antenna Separation

0

f

0

f

0

f

0

f

0

f

0

f

0

f

0

f

RF down-

conversion

Low Pass 

Filter

ADC

RF down-

conversion

Low Pass 

Filter

ADC

RF down-

conversion

Low Pass 

Filter

ADC

RF down-

conversion

Low Pass 

Filter

ADC

5 MHz

f

5 MHz

5 MHz

5 MHz

f

15 MHz

0

f

5 MHz

0

Rx Antenna 2

Rx Antenna 1

Diplexer

Diplexer

f1

X

f3

X

f1

X

f3

X

F1 A1

F2 A1

F3 A1

F1 A2

F2 A2

F3 A2

F4 A1

F4 A2


Figure 6: MC-HSDPA Inter-Band Type C (15MHz+5MHz)UE: High Level Receiver Block Diagram

Table 1: RF/Front End Complexity Comparison
	
	Baseline           DC-HSDPA Intra-band
	DC-HSDPA Inter-band
	MC-HSDPA Inter-band    Type A
	MC-HSDPA Inter-band    Type B
	MC-HSDPA Inter-band    Type C

	Number of Rx Antennas per carriers
	2
	2
	2
	2
	2

	Number of Physical Rx Antennas
	2
	2
	2
	2
	2

	Number of RF Local Oscillators
	1
	2
	2
	2
	2

	Number of RF down-conversion units
	2
	4
	4
	4
	4

	Number of Analog LPF
	2
	4
	4
	4
	4

	Analog LPF bandwidth [MHz]
	10,10
	5,5,5,5
	10,10,5,5
	10,10,10,10
	15,15,5,5

	Normalized ADC Sampling Rate
	1,1
	0.5
	1,1,0.5,0.5
	1,1,1,1
	1.5,1.5,0.5,0.5

	Number of Digital Oscillators
	4
	0
	4
	4
	2

	Number of Digital Phase Rotators
	4
	0
	4
	8
	4

	Number of Digital FIR filters      
	4
	4
	6
	8
	8

	Normalized input bandwidth to base-band detector
	1
	1
	1.5
	2
	2


6
Observations

The impact to RF/Front End sub-systems of each of the 5 UE types is well summarized in Table 1. From this table we make the following observations:
· The number of RF/Front End chains required to support DC/MC-HSDPA inter-band UEs with 2-Rx diversity per carrier increases from 2 to 4, when compared to a Release 8 DC-HSDPA UE that operates on adjacent carriers in a single band.
· Introducing a diplexer in the RF/Front End allows for sharing of a single physical antenna across multiple bands. Diplexer technology is very much mature and exists in many cellular handsets and devices. Hence, both DC-HSDPA and MC-HSDPA Inter-band UEs (A, B,C) require the same number of physical antennas as a DC-HSDPA Intra-band UE to support 2-Rx diversity in each carrier.
· When we compare a DC-HSDPA Inter-Band (5MHz+5MHz) UE  with the baseline Release 8 DC-HSDPA Intra-band (10MHz + 0 MHz) UE, we observe the following between the 2 UE types:

· A DC-HSDPA inter-band UE requires 4 analog LPF, each requiring a bandwidth of 5 MHz, while a DC-HSDPA intra-band UE requires 2 analog LPF, each requiring a bandwidth of 10 MHz.

· A DC-HSDPA inter-band UE does not require any digital oscillators and digital phase rotators compared to 4 digital oscillators and 4 digital phase rotators that are needed for a DC-HSDPA intra-band UE.
· Both UEs require the same number of digital FIR filters (4).
· Both UEs have the same bandwidth requirement with regard to the interface between the ADC output and base-band detector input.

· When we compare a MC-HSDPA Inter-Band Type A UE (10MHz+5 MHz) with the baseline Release 8 DC-HSDPA Intra-band (10MHz + 0 MHz) UE, we observe the following between the 2 UE types:

· MC-HSDPA Inter-Band Type A UE requires 4 analog LPF, two of them requiring a bandwidth of 5 MHz, and two of them requiring a bandwidth of 10Mhz, while a DC-HSDPA Intra-Band UE requires 2 analog LPF, each requiring a bandwidth of 10 MHz.

· Both UE types require the same number of digital oscillators and digital phase rotators (4).

· Since MC-HSDPA Inter-Band Type A UE operates on 15 MHz of spectrum while the baseline DC-HSDPA Intra-Band UE operates on 10MHz of spectrum:

· There is a modest increase in the number of digital FIR filters from 4 to 6.
· The bandwidth requirement with regard to the interface between the ADC output and base-band detector input scales slightly by a factor of 1.5.

· When we compare a MC-HSDPA Inter-Band Type B UE (10 MHz + 10 MHz) with  the baseline Release 8 DC-HSDPA Intra-Band (10MHz + 0 MHz) UE we observe the following:

· A MC-HSDPA Inter-Band Type B UE requires 4 analog LPF, each requiring a bandwidth of 10 MHz, while a DC-HSDPA Intra-Band UE requires 2 analog LPF, each requiring a bandwidth of 10 MHz.

· Both UE types require the same number of digital oscillators (4).

· A MC-HSDPA Inter-Band Type B UE requires 8 digital rotators while a DC-HSDPA intra-band UE requires 4 digital rotators.
· Since MC-HSDPA Inter-Band Type B UE operates on 20 MHz of spectrum while the baseline DC-HSDPA UE operates on 10MHz of spectrum:
· There is a linear increase by a factor of 2 in the number of digital FIR filters from 4 to 8. 
· The ADC output bandwidth requirement linearly scales by a factor of 2.
· When we compare a MC-HSDPA Inter-Band Type C UE (15 MHz + 5 MHz) with  the baseline Release 8 DC-HSDPA Intra-Band (10MHz + 0 MHz) UE we observe the following:

· A MC-HSDPA Inter-Band Type C UE requires 4 analog LPF, two of them requiring a bandwidth of 15 MHz, and two of them requiring a bandwidth of 5MHz, while a DC-HSDPA Intra-Band UE requires 2 analog LPF, each requiring a bandwidth of 10 MHz.
· A MC-HSDPA Inter-Band Type C UE requires 2 digital rotators while a DC-HSDPA Intra-band UE requires 4 digital rotators.

· Since MC-HSDPA Inter-Band Type C UE operates on 20 MHz of spectrum while the baseline DC-HSDPA UE operates on 10MHz of spectrum:

· There is a linear increase by a factor of 2 in the number of digital FIR filters from 4 to 8. 

· The ADC output bandwidth requirement scales linearly by a factor of 2.
7
Impact to Base-Band sub-systems

Besides tuning base-band algorithm parameters as a function of carrier frequency (for example channel estimation), we do not expect any difference in processing requirements between MC-HSDPA intra-band and inter-band operation. Hence the impact to both the base-band detector and base-band decoder as discussed in [3] will also apply to MC-HSDPA inter-band operation.
8
Impact to UE Transmitter

If we assume a single carrier uplink even though the downlink is aggregated across multiple carriers, we expect no impact to the UE transmitter implementation as long as the duplexer spacing between the closest downlink carrier and the uplink is maintained as in current specification. We would also expect impact to HS-DPCCH implementation due to MC-HSDPA. However, the impact is not unique to inter-band operation and hence the HS-DPCCH design options discussed in [4] will also apply to inter-band operation.
The UE implementation impact due to DC-HSUPA when the carriers are aggregated across bands is discussed in [5]. 
9
Conclusions

A detailed analysis was performed to investigate the impact of MC-HSDPA inter-band operation on UE implementation. Particular focus was laid on the RF/Front end sub-system of the different UE types, since this sub-system is sensitive to inter-band operation from a complexity point of view. 
The key points of the analysis are as follows:

· Inter-band operation does result in a duplication of RF/Front processing.
· This means that RF/Front-End sub-system implementations designed for DC-HSDPA UEs can be instantiated without much modification to support inter-band MC-HSDPA operation.
· With the use of diplexers in the RF/Front-End sub-system, we can continue to use a total of 2 physical receiver antennas to support 2-Rx diversity in each carrier of a MC-HSDPA UE.

Based on this analysis, we conclude that MC-HSDPA operation is highly feasible.
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