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1
Introduction

In RAN#45, the 4-carrier HSDPA work item [1] was opened to specify 3-4 cell HSDPA operation in combination with MIMO across multiple bands (at most two).
In this contribution, similar to the UE complexity analysis performed in [4]-[7], we perform an estimate of UE implementation impact due to these features in a single band as well as dual band operation. 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 9 DC-HSDPA+MIMO UE implementation. 

2
4-carrier HSDPA High Level Requirements
Based on the scope of the 4-carrier-HSDPA WID [1] 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 4-carrier HSDPA operation.

The work item should fulfill the following objectives:

· Specify 3-4 cell HSDPA operation in combination with MIMO for the following scenarios:

· The 3-4 carrier transmission only applies to HSDPA physical channels

· The carriers belong to the same Node-B

· The aggregated carriers can operate on adjacent carriers and on multiple bands. Possiblity for non adjacent carriers in the same band is not excluded but UE complexity need to be addressed as part of the activity for identifying band combinations.

· Identification of which limited number of combinations (including which combinations of numbers of downlink carriers per band in the dual-band case and which carriers use MIMO) that should be targeted is part of the work item.

· Identification of which combinations of numbers of uplink and downlink carriers should be targeted is part of the work item.

· Functionality currently defined for DC-HSDPA in combination with MIMO, DC-HSUPA and DB-HSDPA should be reused where possible.

· Introduce the functionality for the relevant specifications of

· UL and DL control channel structure 

· L2/L3 protocols 

· UTRAN network interfaces

· UE RF and performance requirements with the work task breakdown 

Work should address the following main areas:

· adjacent 3-4 carrier solution where MIMO operation is applied to zero, one or multiple carriers

· non-adjacent 3-4 carrier solutions on 2 bands where MIMO operation is applied to zero, one or multiple carriers
From the above proposal we infer the following UE requirements with regard to aggregation of up to 4 HSDPA carriers:

· A 4-Carrier 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 configurations as listed in Table 1 are possible when multiple HSDPA carriers are aggregated

· For each of the above cases, the UE may demodulate and decode MIMO transmissions in up to 4 carriers

Table 1: Aggregation of up to 4 carriers across 2 bands; 0 = MIMO not configured, 1 = MIMO configured

	 
	Band 1
	Band 2
	Release
	 Feature

	Combination
	F1
	F2
	F3
	F4
	F1
	F2
	 
	 

	1
	0
	0
	 
	 
	 
	 
	8
	DC-HSDPA

	2
	1
	0
	 
	 
	 
	 
	9
	DC-HSDPA+MIMO

	3
	0
	1
	 
	 
	 
	 
	9
	DC-HSDPA+MIMO

	4
	1
	1
	 
	 
	 
	 
	9
	DC-HSDPA+MIMO

	5
	0
	 
	 
	 
	0
	 
	9
	DB-DC-HSDPA

	6
	1
	 
	 
	 
	0
	 
	10
	4C-HSDPA                            (DB-DC-HSDPA+MIMO)

	7
	0
	 
	 
	 
	1
	 
	10
	4C-HSDPA                            (DB-DC-HSDPA+MIMO)

	8
	1
	 
	 
	 
	1
	 
	10
	4C-HSDPA                            (DB-DC-HSDPA+MIMO)

	9
	0
	0
	0
	 
	 
	 
	10
	4C-HSDPA

	10
	1
	0
	0
	 
	 
	 
	10
	4C-HSDPA

	11
	0
	1
	0
	 
	 
	 
	10
	4C-HSDPA

	12
	0
	0
	1
	 
	 
	 
	10
	4C-HSDPA

	13
	1
	1
	0
	 
	 
	 
	10
	4C-HSDPA

	14
	0
	1
	1
	 
	 
	 
	10
	4C-HSDPA

	15
	1
	0
	1
	 
	 
	 
	10
	4C-HSDPA

	16
	1
	1
	1
	 
	 
	 
	10
	4C-HSDPA

	17
	0
	0
	 
	 
	0
	 
	10
	4C-HSDPA

	18
	1
	0
	 
	 
	0
	 
	10
	4C-HSDPA

	19
	0
	1
	 
	 
	0
	 
	10
	4C-HSDPA

	20
	1
	1
	 
	 
	0
	 
	10
	4C-HSDPA

	21
	0
	0
	 
	 
	1
	 
	10
	4C-HSDPA

	22
	1
	0
	 
	 
	1
	 
	10
	4C-HSDPA

	23
	0
	1
	 
	 
	1
	 
	10
	4C-HSDPA

	24
	1
	1
	 
	 
	1
	 
	10
	4C-HSDPA

	25
	0
	0
	0
	0
	 
	 
	10
	4C-HSDPA

	26
	1
	0
	0
	0
	 
	 
	10
	4C-HSDPA

	27
	0
	1
	0
	0
	 
	 
	10
	4C-HSDPA

	28
	0
	0
	1
	0
	 
	 
	10
	4C-HSDPA

	29
	0
	0
	0
	1
	 
	 
	10
	4C-HSDPA

	30
	1
	1
	0
	0
	 
	 
	10
	4C-HSDPA

	31
	0
	1
	1
	0
	 
	 
	10
	4C-HSDPA

	32
	0
	0
	1
	1
	 
	 
	10
	4C-HSDPA

	33
	1
	0
	1
	0
	 
	 
	10
	4C-HSDPA

	34
	1
	0
	0
	1
	 
	 
	10
	4C-HSDPA

	35
	0
	1
	0
	1
	 
	 
	10
	4C-HSDPA

	36
	0
	0
	0
	 
	0
	 
	10
	4C-HSDPA

	37
	1
	0
	0
	 
	0
	 
	10
	4C-HSDPA

	38
	0
	1
	0
	 
	0
	 
	10
	4C-HSDPA

	39
	0
	0
	1
	 
	0
	 
	10
	4C-HSDPA

	40
	0
	0
	0
	 
	1
	 
	10
	4C-HSDPA

	41
	1
	1
	0
	 
	0
	 
	10
	4C-HSDPA

	42
	0
	1
	1
	 
	0
	 
	10
	4C-HSDPA

	43
	0
	0
	1
	 
	1
	 
	10
	4C-HSDPA

	44
	1
	0
	1
	 
	0
	 
	10
	4C-HSDPA

	45
	1
	0
	0
	 
	1
	 
	10
	4C-HSDPA

	46
	0
	1
	0
	 
	1
	 
	10
	4C-HSDPA

	47
	0
	0
	 
	 
	0
	0
	10
	4C-HSDPA

	48
	1
	0
	 
	 
	0
	0
	10
	4C-HSDPA

	49
	0
	1
	 
	 
	0
	0
	10
	4C-HSDPA

	50
	0
	0
	 
	 
	1
	0
	10
	4C-HSDPA

	51
	0
	0
	 
	 
	0
	1
	10
	4C-HSDPA

	52
	1
	1
	 
	 
	0
	0
	10
	4C-HSDPA

	53
	0
	1
	 
	 
	1
	0
	10
	4C-HSDPA

	54
	0
	0
	 
	 
	1
	1
	10
	4C-HSDPA

	55
	1
	0
	 
	 
	1
	0
	10
	4C-HSDPA

	56
	1
	0
	 
	 
	0
	1
	10
	4C-HSDPA

	57
	0
	1
	 
	 
	0
	1
	10
	4C-HSDPA

	58
	1
	1
	1
	0
	 
	 
	10
	4C-HSDPA

	59
	1
	0
	1
	1
	 
	 
	10
	4C-HSDPA

	60
	0
	1
	1
	1
	 
	 
	10
	4C-HSDPA

	61
	1
	1
	1
	 
	0
	 
	10
	4C-HSDPA

	62
	1
	0
	1
	 
	1
	 
	10
	4C-HSDPA

	63
	0
	1
	1
	 
	1
	 
	10
	4C-HSDPA

	64
	1
	1
	 
	 
	1
	0
	10
	4C-HSDPA

	65
	1
	0
	 
	 
	1
	1
	10
	4C-HSDPA

	66
	0
	1
	 
	 
	1
	1
	10
	4C-HSDPA

	67
	1
	1
	1
	1
	 
	 
	10
	4C-HSDPA

	68
	1
	1
	1
	 
	1
	 
	10
	4C-HSDPA

	69
	1
	1
	 
	 
	1
	1
	10
	4C-HSDPA


3
UE Types

In the following, for the purpose of UE implementation impact analysis due to 4C-HSDPA, we perform a comparison of the following three UE types:
· Baseline DC-HSDPA+MIMO UE

· Two adjacent carriers in a single band

· Single uplink carrier

· 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
· 4C-HSDPA Single Band  UE

· Four adjacent carriers in a single band

· Two adjacent uplink 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 172.8 Mbps in 20 MHz
· 4C-HSDPA Dual Band UE
· Two adjacent downlink carriers in Band 1 and Two adjacent downlink carriers in Band 2
· Two adjacent uplink carriers in Band 1
· 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 172.8 Mbps in 20 MHz in a single band
4
High Level UE Receiver Block Diagram
Figures 1, 2 and 3  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+MIMO (2x2) UE: High Level Receiver Block Diagram

[image: image2.emf]Rx Antenna 2

Carrier/

Antenna

Separation

Decoder

Rx Antenna 1

5 MHz 5 MHz

f

F1

F2

F2 A1

Detector

F1 A1

RF 

down-

conversion

Low Pass 

Filter

ADC

RF 

down-

conversion

Low Pass 

Filter

ADC

f

F1 A2

F2 A2

5 MHz

F3

0

20 MHz

F3 A1

F3 A2

172.8 

Mbps

5 MHz

F4

F4 A1

F4 A2

F2 S1

F1 S1

F1 S2

F2 S2

F3

F4

S1

S2

S1 F4

F3 S2


Figure 2: 4C-HSDPA UE: Single Band, 4 adjacent carriers in a single band, MIMO configured in each carrier: High Level Receiver Block Diagram
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Figure 3: 4C-HSDPA Dual Band (10MHz+ 10MHz) UE, MIMO configured in each carrier: High Level Receiver Block Diagram

5
RF and Digital Front End
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Figure 4: Baseline DC-HSDPA+MIMO UE: RF/Front End Block Diagram
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Figure 5: 4C-HSDPA Single Band UE, 4 adjacent 5 MHz carriers in a single band: RF/Front End Block Diagram
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Figure 6: 4C-HSDPA Dual Band (10MHz+ 10MHz) UE, MIMO configured in each carrier: RF/Front End Block Diagram
Table 2: Relative RF/Front End complexity figure of merit
	
	DC-HSDPA     Single Band UE    M/M
	4C-HSDPA        Single Band UE     M/M/M/M
	4C-HSDPA        Dual Band UE        M/M/M/M

	Number of Rx Antennas
	2
	2
	2

	Number of Physical Rx Antennas
	2
	2
	2

	Number of RF Local Oscillators
	1
	1
	2

	Number of Diplexers
	0
	0
	2

	Number of RF down-conversion units
	2
	4
	4

	Number of Analog LPF
	2
	2
	4

	Analog LPF bandwidth [MHz]
	10, 10
	20, 20
	10, 10, 10, 10

	Normalized ADC Sampling Rate
	1
	2
	1

	Number of Digital Oscillators
	2
	4
	4

	Number of Digital Phase Rotators
	4
	8
	8

	Number of Digital FIR filters      
	4
	8
	8

	Normalized input bandwidth to base-band detector
	1
	2
	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+MIMO UE and the 4C-HSDPA UE considered in this analysis. Figures 7 and 8 depict high level block diagrams for the detector portions of these receivers.
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Figure 7: Baseline DC-HSDPA+MIMO (2x2) Receiver: Baseband Detector Block Diagram
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Figure 8: 4C-HSDPA UE: Baseband Detector Block Diagram; 4 MIMO carriers 
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. As observed in Table 3, the complexity of both the CPICH processing and the LMMSE equalizer sub-systems scales linearly by a factor of  two times compared to the baseline Rel-9 DC-HSDPA+MIMO UE. 
Table 3: Relative baseband detection complexity
	
	DC-HSDPA M/M
	4C-HSDPA M/M/M/M



	CPICH Processing       (4 channels)
	1
	2

	LMMSE Equalizer
	1
	2


7
Base-band Decoder
In Table 4, we summarize the base-band turbo decoder output throughput for each of the UE types discussed in this document. As seen in Table 4, for the different UE types considered here, the increase in decoder throughput is a factor of 2 times the baseline DC-HSDPA+MIMO UE. This is comparable to 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
	
	DC-HSDPA       M/M
	4C-HSDPA M/M/M/M

	Turbo Decoder output  [Mbps]
	86.4
	172.8

	Relative Complexity Increase
	1
	2


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. Further details are discussed in [2],[3].
A high level block diagram for the baseline DC-HSDPA+MIMO UE transmitter is shown in Figure 9. The block diagram for each of the 4C-HSDPA UEs considered here (single band and dual band UEs) is shown in Figure 10. The transmitter is configured for SC-HSUPA operation for the baseline UEs and for DC-HSUPA operation in a single band for the 4C-HSDPA UEs.
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Figure 9: Baseline SC-HSUPA UE Transmitter: High Level Block Diagram
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Figure 10: Intra-band DC-HSUPA UE Transmitter: High Level Block Diagram

Table 5: UE Complexity Comparison between SC-HSUPA and DC-HSUPA (Intra/Inter-Band)

	
	SC-HSUPA
	DC-HSUPA           (Intra-Band)

	Digital Baseband Processing

	Channel Coding and Multiplexing                (DPDCH/E-DPDCH)
	
	

	CRC Attachement
	1/1
	1/2

	Transport Block Concatenation
	1/0
	1/0

	Code Block Segmentation
	1/1
	1/2

	Channel Coding
	1/1
	1/2

	Radio Frame Equalization
	1/0
	1/0

	1st Interleaving
	1/0
	1/0

	Radio Frame Segmentation
	1/0
	1/0

	Physical Layer Hybrid-ARQ Functionality
	0/1
	0/2

	Rate Matching
	1/1
	1/2

	Transport Channel Multiplexing
	1/0
	1/0

	Physical Channel Segmentation
	1/1
	1/2

	2nd Interleaving
	1/1
	1/2

	Physical Channel Mapping
	1/1
	1/2

	Channel Coding and Multiplexing     (E-DPCCH)
	
	

	Channel Coding
	1
	2

	Physical Channel Mapping
	1
	2

	Channel Coding and Multiplexing  (HS-DPCCH)
	
	

	Channel Coding
	1
	2

	Physical Channel Mapping
	1
	2

	Spreading
	
	

	DPCCH
	1
	2

	DPDCH
	1
	1

	HS-DPCCH
	1
	2

	E-DPCCH
	1
	2

	E-DPDCH
	1
	2

	Digital Front End Processing

	DAC Requirement
	
	

	Normalized DAC Sampling Rate
	1
	2

	Number of DACs required
	1
	1

	Upper Limit on Power Ratio Between 2 Carriers
	N/A
	YES

	Analog LPF Requirement
	
	

	Single Sided Bandwidth [MHz]
	2.5
	5

	Number of LPF required
	1
	1

	RF Processing

	Local Oscillator Requirement
	
	

	Number of Local Oscillators
	1
	1

	Center frequency of each oscillator
	F1
	(F1+F2)/2

	Power Amplifier Requirement
	
	

	Number of PAs
	1
	1

	PA Bandwidth [MHz]
	5
	10

	Transmit Antenna Requirement
	
	

	Number of Tx Antennas
	1
	1

	Normalized Antenna Bandwidth
	1
	2


9
Conclusions

A UE complexity analysis was performed to investigate the impact of 4C-HSDPA[1]. For the purpose of comparison, the baseline UE was assumed to be a Rel-9 DC-HSDPA+MIMO UE and the 4C-HSDPA UEs (single band and dual-band) considered here were configured with 4DL carriers and MIMO 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 2 through 5. 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 
· the baseband complexity of 4C-HSDPA UEs (M/M/M/M) scales modestly by a factor of 2 compared to DC-HSDPA UEs (M/M). 
· 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

· 20 MHz for the single band 4C-HSDPA UE
· Faster ADC sampling rate (2x) for the single band 4C-HSDPA UE
· 4 extra digital FIR filters (span = 4 to 8 chips) operating at 1x or 2x chip rate
In spite of the linear increase (2x) in decoder processing requirements, the maximum decoding throughput of 172.8 Mbps is comparable to 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. 

Based on the analysis performed here, we conclude that the implementation of 4C-HSDPA UEs, both single band and dual band with MIMO configured in each band is highly feasible.
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