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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 [1] 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. 

· 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 of the MIMO operation in up to two carriers. In this contribution, we perform an estimate of UE implementation impact due to these features in a single band (intra-band case). The UE implementation impact for aggregation of carriers across two different bands (inter-band case) is discussed in [3]. The UE complexity estimate is evaluated for both the RF and base-band portions of the UE. A fair comparison is performed against a Release 8 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 the other 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

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

· Transmit Diversity (STTD) enabled in each carrier
· Receive Diversity (2 Rx-Antennas) enabled in each carrier
· 2x2 MIMO (STTD/Rx Div) LMMSE equalizer enabled in each carrier
· 64-QAM modulation enabled in each carrier

· Aggregate DL Peak Rate of 43.2 Mbps in 10MHz
· DC-HSDPA+MIMO UE

· Two adjacent carriers in a single band

· D-TxAA enabled in each carrier

· Receive Diversity (2 Rx-Antennas) enabled in each carrier
· 2x2 MIMO (D-TxAA/Rx Div) LMMSE equalizer enabled in each carrier

· 64-QAM modulation enabled in each carrier

· Aggregate DL Peak Rate of 86.4 Mbps in 10MHz
· MC-HSDPA Type A UE
· Three adjacent carriers in a single band

· Receive Diversity (2 Rx-Antennas) enabled in each carrier
· 1x2 SIMO LMMSE equalizer enabled in each carrier

· 64-QAM modulation enabled in each carrier

· Aggregate DL Peak Rate of 64.8 Mbps in 15MHz
· MC-HSDPA Type B UE

· Three adjacent carriers in a single band

· D-TxAA enabled in two carriers

· Receive Diversity (2 Rx-Antennas) enabled in each carrier
· 2x2 MIMO (D-TxAA/Rx Div) LMMSE equalizer enabled in two carriers

· 1x2 SIMO LMMSE equalizer enabled in the third carrier

· 64-QAM modulation enabled in each carrier

· Aggregate DL Peak Rate of 108 Mbps in 15MHz
· MC-HSDPA Type C UE

· Four adjacent carriers in a single band

· Receive Diversity (2 Rx-Antennas) enabled in each carrier
· 1x2 SIMO LMMSE equalizer enabled in each carrier
· 64-QAM modulation enabled in each carrier

· Aggregate DL Peak Rate of 86.4 Mbps in 20 MHz
· MC-HSDPA Type D UE

· Four adjacent carriers in a single band

· D-TxAA enabled in two carriers
· Receive Diversity (2 Rx-Antennas) enabled in each carrier
· 2x2 MIMO (D-TxAA/Rx Div) LMMSE equalizer enabled in two carriers

· 1x2 SIMO LMMSE equalizer enabled in the other 2 carriers

· 64-QAM modulation enabled in each carrier

· Aggregate DL Peak Rate of 129.6 Mbps in 20 MHz
4
High Level UE Receiver Block Diagram
Figures 1, 2 3, 4 and 5 illustrate high level receiver block diagrams for the different UE types.
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 the different types of transmitters.
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Figure 1: Baseline DC-HSDPA UE: High Level Receiver Block Diagram
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Figure 2: DC-HSDPA+MIMO (2x2) UE: High Level Receiver Block Diagram
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Figure 3: MC-HSDPA Type A UE: High Level Receiver Block Diagram
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Figure 4: MC-HSDPA Type B UE: High Level Receiver Block Diagram
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Figure 5: MC-HSDPA Type C UE: High Level Receiver Block Diagram
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Figure 6: MC-HSDPA Type D UE: High Level Receiver Block Diagram

5
RF and Digital Front End
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Figure 7: Baseline DC-HSDPA or DC-HSDPA+MIMO UE: RF/Front End Block Diagram
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Figure 8: MC-HSDPA Type A/B, 3 adjacent 5 MHz carriers in a single band: RF/Front End Block Diagram
[image: image9.emf]Rx Antenna 2

Rx Antenna 1

F2 A1

F1 A1

RF 

down-

conversion

Low Pass 

Filter

ADC

RF 

down-

conversion

Low Pass 

Filter

ADC

X

f1

0

f

X

f3

0

f

Carrier Separation/ Antenna Separation

F3 A1

0

f

X

f2

X

f4

F3 A1

0

f

5 MHz 5 MHz

f

F1 F2

5 MHz

F3

5 MHz

F4

F2 A1

F1 A1

X

f1

0

f

X

f3

0

f

F3 A1

0

f

X

f2

X

f4

F3 A1

0

f

0

20 MHz

f


Figure 9: MC-HSDPA Type C/D, 4 adjacent 5 MHz carriers in a single band: RF/Front End Block Diagram

Table 1: Relative RF/Front End complexity figure of merit

	
	Baseline DC-HSDPA /DC-HSDPA+MIMO
	MC-HSDPA Type A/B
	MC-HSDPA Type C/D

	Number of Rx Antennas
	2
	2
	2

	Number of RF Local Oscillators
	1
	1
	1

	Number of RF down-conversion units
	2
	2
	2

	Number of Analog LPF
	2
	2
	2

	Analog LPF bandwidth [MHz]
	10
	15
	20

	Normalized ADC Sampling Rate
	1
	1.5
	2

	Number of Digital Oscillators
	2
	2
	2

	Number of Digital FIR filters      
	4
	6
	8

	Normalized input bandwidth to base-band detector
	1
	1.5
	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 DC-HSDPA and the different UE types considered in this analysis. Figures 10 through 15 depict high level block diagrams for the detector portions of these receivers.
Since the baseline UE is capable of STTD/2-Rx Diversity processing in each carrier, it is required that the baseline UE estimate the channel impulse response on all 4 channels (there are 4 transmit antenna pairs in a 2x2 system) in each carrier. Also we assume that the baseline UE receiver uses a MIMO 2x2 LMMSE receiver as shown in Figure 10. Note that in terms of complexity, a MIMO 2x2 LMMSE receiver to process STTD/2-Rx Diversity is similar to a MIMO 2x2 LMMSE receiver to process D-TxAA/2-Rx Diversity.
Also in [5]-[9], the complexity of MIMO (2x2) LMMSE processing was discussed in great detail. In [10] a summary of those discussions is provided. The conclusion is that a MIMO (2x2) LMMSE receiver is almost twice as complex as a SIMO (1x2) receiver.
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Figure 10: Baseline DC-HSDPA UE Receiver: Baseband Detector Block Diagram
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Figure 11: DC-HSDPA+MIMO (2x2) Receiver: Baseband Detector Block Diagram
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Figure 12: MC-HSDPA Type A UE Receiver: Baseband Detector Block Diagram
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Figure 13: MC-HSDPA Type B UE Receiver: Baseband Detector Block Diagram
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Figure 14: MC-HSDPA Type C UE Receiver: Baseband Detector Block Diagram
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Figure 15: MC-HSDPA Type D UE Receiver: Baseband Detector Block Diagram

6.2
Relative complexity of baseband detection 
In this section, we compare the baseband detection processing required for each of the UE types being considered. Table 3 lists the normalized processing requirement for the CPICH processing and LMMSE equalizer for each of the UE types. The CPICH processing of 4 channels is 
Table 3: Relative baseband detection complexity
	
	Baseline          DC-HSDPA
	DC-HSDPA+MIMO
	MC-HSDPA Type A
	MC-HSDPA Type B
	MC-HSDPA Type C
	MC-HSDPA Type D

	CPICH Processing       (4 channels)
	1
	1
	0.75
	1.25
	1
	1.5

	LMMSE Equalizer
	1
	1
	0.75
	1.25
	1
	1.5


As observed in Table 3, the complexity of both the CPICH processing and the LMMSE equalizer sub-systems increases modestly to approximately two times that of the baseline DC-HSDPA UE. 
7
Base-band Decoder
In Table 3, we summarize the base-band turbo decoder output throughput for each of the UE types discussed in this document. As seen in Table 3, for the different UE types considered here, the increase in decoder throughput varies from a factor of 1.5 to 3 times the baseline DC-HSDPA UE. This is still much less than the peak throughput achievable in other WAN technologies (for example, a Release 8 LTE UE category 4 terminal is capable of a peak throughput of 172.8 Mbps) that will become available in the near future. Hence we conclude that the decoder requirements for each of the UE types should be feasible.
Table 4: Base-band Turbo Decoder Throughput
	
	Baseline DC-HSDPA    
	DC-HSDPA+       MIMO (2x2)
	MC-HSDPA

	
	
	
	Type A
	Type B
	Type C
	Type D

	Turbo Decoder output  [Mbps]
	43.2
	86.4
	64.8
	108
	86.4
	129.6

	
	1
	2
	1.5
	2.5
	2
	3


8
UE Transmitter
In order to support the transmission of feedback information either due to combining of dual cell operation and downlink MIMO and/or due to aggregating 3 or 4 HSDPA carriers, the HS-DPCCH channel will need to be modified to carry the additional feedback. 
If we attempt to transmit the additional feedback information on a single channelization code, a new channel coding scheme will be required for the ACK/NACK channel. The CQI channel may still reuse the existing CQI channel coding scheme defined for DC-HSDPA if we are willing to relax the minimum CQI feedback cycle to 2 TTI and allow for time division multiplexing of CQI information. However, for the 3 or 4 carrier aggregation case, when MIMO is supported on some carriers (for example MC-HSDPA Type B or MC-HSDPA Type D), we may need to consider using another channelization code for HS-DPCCH as was proposed during the DC-HSDPA WI.
We discuss further some possible HS-DPCCH design options for these extensions in [4].
9
Conclusions

A detailed analysis was performed to investigate the impact of combining DC-HSDPA and MIMO and/or aggregation of 3/4 HSDPA adjacent carriers in a single band on the UE complexity. For the purpose of comparison, the baseline UE was assumed to be DC-HSDPA UE capable of STTD and 2-Rx diversity processing in each carrier. 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 comparisons are summarized in Tables 1, 2 and 3. As seen in these tables, for each of the sub-systems, the complexity impact is either negligible or fairly modest.
From this analysis, we conclude that for operation in a single band on adjacent carriers, for the various extensions to DC-HSDPA considered in this analysis, the complexity of such UE terminals scales modestly by a factor of 0.75 to 1.5 for the base-band detector and a factor of 1 to 3 for the base-band decoder. For the RF/Front-End portion, there is no additional increase in RF chains.  The minor differences in RF processing can be summarized as follows:

· Larger Analog LPF bandwidth (15, 20 MHz)
· Faster ADC sampling rate (1.5x, 2x)
· 2-4 extra digital FIR filters (span = 4 to 8 chips) operating at 1x or 2x chip rate
In spite of the linear increase (up to 3x) in decoder processing requirements, the maximum decoding throughput of 129.6 Mbps is still well within the peak rate of data rates associated with other WAN technologies (for example, a Release 8 LTE UE category 4 terminal is capable of a peak throughput of 172.8 Mbps) that will become available in the near future. This proves that the implementation of MC-HSDPA UEs is highly feasible.
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