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1
Introduction
In [1], a study item was opened on Dual-Cell HSDPA (DC-HSDPA). Dual-Cell HSDPA is a natural evolution of HSPA by aggregating two 5MHz downlink carriers to create a larger pipe thereby enabling efficient and flexible spectrum asset utilization. 

One of the objectives of the study item is to identify the impact on UE implementation. Below is an excerpt from [1], 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. 

a. Impacts on implementation within the UTRA and UE

….

In this contribution, we perform a high level complexity estimate of UE implementation impact due to the DC-HSDPA feature. The UE complexity estimate is evaluated for both the RF and base-band portions of the UE. A fair comparison is performed against a MIMO enabled single carrier (SC) HSDPA UE implementation.
2
DC-HSDPA High Level Requirements
Based on the scope of the DC-HSDPA study item [1], we list below some high level DC-HSDPA requirements that are relevant to the UE implementation. The texts marked in italics are excerpts taken from [1], which in turn are used to derive high level requirements for DC-HSDPA operation.
· From a Node-B perspective this implies scheduling a UE across two cells (one transport block in each cell) which could be operating on different carrier frequencies…since the uplink transmission would be restricted to a single cell
· This implies a 2DL:1UL configuration
· The two cells operate with a single TX antenna
· This implies that DL MIMO is disabled when DC-HSDPA is enabled.
· The two cells operate in the same frequency band
· For this case (Intra-Band), the study item does not explicitly rule out non-adjacent carrier operation. Hence we assume further the following 2 cases:
· Case A: The carriers are 5 MHz apart.

· Case B: The carriers are 10 MHz apart.
· The two cells belong to the same Node-B and The two cells operate with a single TX antenna
· This implies that the serving sector is the same for both carriers
· Without increasing the peak user rates defined in Rel-7, this operation could potentially result in significantly increased user throughput across the cell, in particular in the outer area of the cell
· This implies an aggregate peak rate of 28.8 to 43.2Mbps
· 16-QAM: 2*14.4 Mbps = 28.8 Mbps
· Same as Single Carrier R7 MIMO+16-QAM peak rates
· 64-QAM: 2*21.6 Mbps = 43.2 Mbps
· Same as Single Carrier R8 MIMO+64-QAM peak rates
· Rx Diversity
· We allow for the study of a UE that is capable of 2-Rx diversity on each carrier.
3
UE Receiver Types

In the following, we perform a comparison of the following 2 receiver types:
· Baseline Receiver

· Single Carrier

· 2 Rx-Diversity

· 2x2 MIMO enabled
· 2 independent data streams, S1 and S2.

· 64-QAM Operation

· Peak Rate of 43.2 Mbps
· DC-HSDPA Receiver

· Dual Carrier (Intra-Band)
· Capable of both adjacent and non-adjacent carrier operation

· In the case of non-adjacent operation, the carriers are assumed to be 10MHz apart.

· 2 Rx-Diversity on each carrier
· MIMO disabled

· 64-QAM operation on each carrier

· Aggregate Peak Rate of 43.2 Mbps
4
High Level UE Receiver Block Diagram
Figures 1 and 2 illustrate high level receiver block diagrams for both the baseline SC-HSDPA MIMO enabled UE and the DC-HSDPA non-MIMO enabled UE. 
The receiver can be partitioned into 3 parts:

· RF/Front End

· Base-Band Detector

· Base-Band Decoder

In the subsequent sections, we further discuss the UE implementation impact when we compare these two types of receivers.
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Figure 1: Baseline SC-HSDPA UE Receiver: High Level Block Diagram
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Figure 2: DC-HSDPA UE Receiver: High Level Block Diagram
5
RF and Digital Front End
Figures 3 and 4 illustrate examples of RF and digital front end receiver portions for both the baseline SC-HSDPA MIMO enabled UE and the DC-HSDPA non-MIMO enabled UE.  

As seen in these block diagrams, the RF processing impact is very minimal when migrating from the baseline SC-HSDPA MIMO enabled UE to a DC-HSDPA non-MIMO enabled UE:

· In both cases, a single local oscillator implementation is assumed for the purpose of RF down-conversion.
· The analog low pass filter (LPF) is now a wider bandwidth (10MHz) when compared to the baseline case (5 MHz bandwidth).

· Even though the block diagrams illustrate the case for the adjacent carrier allocation case, the only modification to handle the non-adjacent case (10MHz apart) is to tune the analog LPF bandwidth to 15MHz, which is very feasible with today’s state of the art RF/analog technology.

· The ADC sampling rate increases linearly in accordance with the analog LPF bandwidth.
· For the DC-HSDPA case, a base-band implementation is assumed at the output of the ADC output, for the purpose of carrier and antenna separation.

· For each carrier and antenna pair, a digital down-conversion and digital filter is required.

· The complexity of the digital filter is comparable to an FIR implementation of the W-CDMA Square Root Raised Filter (roll-off factor = 0.22).

· Note that in the case of SC-HSDPA, no digital down-conversion is necessary; however the base-line receiver still makes use of two such digital filters (one for each antenna).

· The output bandwidth of the carrier/antenna separation is 2x compared to the base-line case.
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Figure 3: Baseline SC-HSDPA Receiver: RF/Front End Block Diagram
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Figure 4: DC-HSDPA Receiver: RF/Front End Block Diagram

In summary, the impact to the RF/Front end of the UE implementation could be summarized in Table 1 as follows:

Table 1: Relative RF/Front End complexity figure of merit
	
	Baseline SC-HSDPA
	DC-HSDPA

	Number of Rx Antenna chains
	2
	2

	Number of RF Local Oscillators
	1
	1

	Number of RF down-conversion units
	2
	2

	Number of Analog LPF
	2
	2

	Analog LPF bandwidth
	5 MHz
	10 MHz (Adjacent Carriers)

15 MHz (Non-Adjacent Carriers)

	Normalized ADC Sampling Rate
	1
	2 (Adjacent Carriers)
3(Non-Adjacent Carriers)

	Number of Digital Oscillators
	0
	4

	Number of Digital FIR filters      
	2
	4

	Normalized input bandwidth to base-band detector
	1
	2


6
Base-band Detector
In this section, we examine the differences in base-band processing of the HS-PDSCH detector portion between the baseline SC-HSDPA and DC-HSDPA receiver structures. Figures 5 and 6 depict high level block diagrams for the detector portions of these receivers.
Since the baseline UE is capable of MIMO processing, it is required to estimate the channel impulse response on all 4 channels (there are 4 transmit antenna pairs in a 2x2 system). Also we assume that the baseline UE receiver uses a linear MMSE receiver operating in 2x2 mode as shown in Figure 5.
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Figure 5: Baseline SC-HSDPA Receiver: Base-band Detector Block Diagram
For each carrier and receive antenna pair, the DC-HSDPA receiver also needs to perform channel estimation for 4 different wireless channels. Furthermore, as shown in Figure 6, we assume that the DC-HSDPA UE receiver uses two LMMSE receivers, each operating in 1x2 mode.
[image: image6.emf]F1

F2 A1

F1

F1 A1

F1 A2

F2 A2

F2

CPICH 

Processing

2 channels

LMMSE

Type 3 

(1x2)

Receiver

F2

CPICH 

Processing

2 channels

Type 3 

LMMSE 

(1x2) 

Receiver

F1 A2


Figure 6: DC-HSDPA Receiver: Baseband Detector Block Diagram
In the next sub-section, we compare the complexity of LMMSE processing of two 1x2 LMMSE receiver structures and a single 2x2 LMMSE receiver structure.
6.1 LMMSE Processing
The complexity of the LMMSE processing block has been well documented for both the 1x2 or 2x2 configurations in [2]-[5]. In the following, we revisit the complexity analysis performed in these technical contributions.
R1-051510, “UE complexity evaluation for UTRA-FDD MIMO”, Qualcomm Europe
Based on the UE complexity analysis in [2], Table 1 summarizes the relative complexity of 1x2 LMMSE when compared to 2x2 LMMSE (MIMO). From this table, we conclude that DC-HSDPA (Two 1x2 LMMSE receivers) is very similar in complexity to SC-HSDPA utilizing a 2x2 LMMSE when MIMO is enabled.
Table 2: Relative LMMSE complexity figure

	Configuration
	Relative Complexity

	1x2 LMMSE
	1

	2x2 LMMSE
	1.94


R1-060428, “Further Consideration of MIMO for Rel.7 WCDMA”, Texas Instruments
In [3], the following conclusion was made on the complexity of 2x2 LMMSE when compared to 1x2 LMMSE.
We can conclude that compared to the baseline complexity of 1X2 LMMSE:

· The complexity of 2X2 LMMSE is approximately 2X.

R1-060565, “UE complexity for WCDMA MIMO”, Ericsson


An overview of the additional required memory and computational complexity has been given for a WCDMA MIMO configuration. We conclude that

· Different MIMO RX structure options exist, allowing trade-offs between the complexity and MIMO performance

· Estimated complexity growth may be assessed as roughly linear with the number of MIMO streams (offered bit rate), which should be construed as acceptable.

· Area and cost are subject to Moore’s law, which applies even in a few years’ time scale. We can thus expect the availability of terminals with MIMO features and corresponding bit rates at today’s cost or lower.

From the above, we conclude that DC-HSDPA UEs which will utilize two Type 3 LMMSE (1x2) receiver structures, will be very similar in complexity to a SC-HSDPA MIMO enabled UE capable of 2x2 LMMSE processing.  
7
Base-band Decoder

As far as the base-band decode processing is concerned, since the peak rates are assumed to be the same in both the baseline SC-HSDPA receiver and the DC-HSDPA receiver, we do not expect any UE implementation impact. 
Figures 8 and 9 illustrate a high level block diagram of the base-band decoding process for both the baseline SC-HSDPA receiver and the DC-HSDPA receiver respectively. In the baseline case, the IR buffer requirement and Turbo decoder requirement is based on the requirement to process two MIMO streams. Each stream can have a peak data rate requirement of 21.6 Mbps (64-QAM) or 14.4 Mbps (16-QAM). In the DC-HSDPA case, instead the IR buffer requirement and Turbo decoder requirement is based on the requirement to process two cells. Each cell transmission to a UE can have a peak data rate requirement of 21.6 Mbps (64-QAM) or 14.4 Mbps (16-QAM).

[image: image7.emf]Incremental 

Redundancy 

Buffer

Turbo Decoder

F1 S1

Incremental 

Redundancy 

Buffer

Turbo Decoder

F1 S2


Figure 8: Baseline SC-HSDPA Receiver: Base-band decoding
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Figure 9: DC-HSDPA Receiver: Base-band decoding
Hence we conclude that due to the constraint that the peak data rates are the same in both systems (SC-HSDPA and DC-HSDPA), there is no impact to the base-band implementation of the IR buffer and the turbo-decoder.
8
UE Transmitter
Since we assume a 2DL:1UL configuration, the second carrier’s HS-DPCCH information will need to be sent on the single uplink carrier. As a result, there maybe a slight coverage impact due to an additional HS-DPCCH channel.. For example, please refer to [7] for more details on a suitable HS-DPCCH design.
As a result, a minimum amount of physical layer changes may be expected on the UL transmitter implementation as follows:

· Introduce a second uplink channel to carry the HS-DPCCH information for the 2nd carrier.

· Due to the introduction of a new channel, the TFC-MPR and E-TFC-MPR tables as specified in 25.133 may need to be re-defined.
· The uplink carrier for a DC-HSDPA UE is not strictly tied to one of the two downlink carriers.
9
Conclusions

A detailed UE complexity analysis was performed to investigate the impact of DC-HSDPA on the UE complexity. For the purpose of comparison, the baseline UE was assumed to be a MIMO enabled SC-HSDPA UE. The analysis was performed on both the RF/Front-end portion as well as the base-band detector and decoder portions of the UE.
The UE complexity comparison can be summarized in Table 4. 
Table 4: UE Complexity Comparison between SC-HSDPA (MIMO enabled) and DC-HSDPA

	
	Baseline SC-HSDPA
	DC-HSDPA

	RF/Front End
	
	

	Number of Rx Antenna chains
	2
	2

	Number of RF Local Oscillators
	1
	1

	Number of RF down-conversion units
	2
	2

	Number of Analog LPF
	2
	2

	Analog LPF bandwidth
	5 MHz
	10 MHz (Adjacent Carriers)

15 MHz (Non-Adjacent Carriers)

	Normalized ADC Sampling Rate
	1
	2 (Adjacent Carriers)

3(Non-Adjacent Carriers)

	Number of Digital Oscillators
	0
	4

	Number of Digital FIR filters      
	2
	4

	Normalized input bandwidth to base-band detector
	1
	2

	Base-Band Detector
	
	

	LMMSE Processing
	1
	1.03

	Base-Band Decoder
	
	

	IR Soft Metric Buffer
	1
	1

	Turbo Decoder
	1
	1


As seen in Table 4, for each of the sub-systems, the complexity impact is negligible or non-existent:

· For the Base-Band decoder sub-system, which constitutes a significant percentage of the UE implementation in terms of logic and memory, there is no impact at all, due to the same peak-rate assumption between both the baseline SC-HSDPA and DC-HSDPA receiver. 

· For the Base-Band detector portion, there is a 3% impact to complexity when comparing two 1x2 LMMSE receiver structures with a single 2x2 LMMSE receiver structure.

· For the RF/Front-End portion, there is no additional increase in RF chains due to DC-HSDPA operation. The minor differences can be summarized as follows:
· Larger Analog LPF bandwidth

· Faster ADC sampling rate

· Digital down-conversion logic for each carrier/antenna pair.

· 2 more digital FIR filters (span = 4 to 8 chips) operating at 1x or 2x chip rate.
From this analysis, we conclude that DC-HSDPA UE terminal is of similar complexity to that of a SC-HSDPA MIMO enabled UE terminal. Given the availability of SC-HSDPA MIMO enabled UEs in the near future, this proves that the implementation of DC-HSDPA UEs is highly feasible.
10
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