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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 [2] is to identify the impact on UE implementation. 
In [1], a proposal was made to specify dual carrier HSUPA. In this contribution, we perform an estimate of UE implementation impact due to the dual carrier HSUPA 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 single carrier (SC) HSUPA UE implementation.
2
DC-HSUPA High Level Requirements
Based on the scope of the DC-HSUPA study item [1], [2] we list below some high level DC-HSUPA 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-HSUPA operation.
· Specify dual carrier HSUPA operation for the following scenarios:

· The dual carrier transmission only applies to HSUPA physical channels
· This implies that 
· DPCCH, E-DPCCH, E-DPDCH and HS-DPCCH maybe sent on both carriers
· DPDCH maybe sent only on a single carrier.
· The carriers belong to the same Node-B and when on the same band, are on adjacent carriers.

· This further implies that the two carriers can also lie across different bands.
· Operation with at least 2 carriers configured simultaneously in downlink. In this case the duplex distance between uplink carrier n and downlink carrier n will respect single carrier rules.
· This implies that the shortest distance between a downlink and uplink carrier can be 5 MHz smaller than the normal downlink-uplink separation similar to Release 8 DC-HSDPA.
3
UE Types

In the following, for the purpose of UE implementation impact analysis, we perform a comparison of the following UE types:
· Baseline SC-HSUPA UE
· Single carrier operation on the uplink
· 16-QAM operation

· Uplink peak rate of 11.52 Mbps
· Intra-Band DC-HSUPA UE
· Dual Carrier operation on the uplink in a single band
· Carriers are adjacent
· DPCCH, HS-DPCCH, E-DPCCH, E-DPDCH allowed to be sent on both carriers
· DPDCH can be sent on a single carrier

· 16-QAM operation on each carrier

· Aggregate UL peak rate of 23.04 Mbps
· Inter-Band DC-HSUPA UE

· Dual Carrier operation on the uplink across two bands

· Each of the 2 carriers belong to a separate band

· 16-QAM operation on each carrier

· Aggregate UL peak rate of 23.04 Mbps
4
High Level UE Transmitter Block Diagram
Figures 1, 2 and 3 illustrate high level transmitter block diagrams for the 3 different UE types.
The UE transmitter can be partitioned into 3 parts:

· Digital Base-band
· Digital Base-band Front End
· RF 
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 SC-HSUPA UE Transmitter: High Level Block Diagram
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Figure 2: Intra-band DC-HSUPA UE Transmitter: High Level Block Diagram
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Figure 3: Inter-band DC-HSUPA UE Transmitter: High Level Block Diagram
4
Digital Baseband Processing

In this section, we compare the digital baseband processing transmit requirements for the 3 different UE types. 

The digital baseband processing consists of the following sub-systems:

· Channel Coding and Multiplexing

· Spreading

· Pulse Shaping (Root Raised Cosine) Filter
· Combining of digital data streams (Intra-band DC-HSUPA only)

4.1
Channel Coding and Multiplexing

Clearly compared to the baseline UE transmitter, both types of DC-HSUPA UEs (Inter-band and Intra-band) would require a duplication of channel coding and multiplexing blocks for the enhanced uplink channels. In other words, there is a linear increase in channel coding and multiplexing function due to transmission of enhanced channels on an additional carrier. For the DPDCH, since we assume that this channel is not transmitted on the 2nd carrier, there is no additional impact in the transmit chain. Table 1 lists the relative UE complexity required for each of the channel coding and multiplexing blocks used for uplink processing, for each of the UE types. 
Table 1: Channel Coding and Multiplexing Impact: Relative UE Complexity
	
	SC-HSUPA
	DC-HSUPA           (Intra-Band)
	DC-HSUPA      (Inter-Band)

	Channel Coding and Multiplexing                (DPDCH/E-DPDCH)
	
	
	

	CRC Attachement
	1/1
	1/2
	1/2

	Transport Block Concatenation
	1/0
	1/0
	1/0

	Code Block Segmentation
	1/1
	1/2
	1/2

	Channel Coding
	1/1
	1/2
	1/2

	Radio Frame Equalization
	1/0
	1/0
	1/0

	1st Interleaving
	1/0
	1/0
	1/0

	Radio Frame Segmentation
	1/0
	1/0
	1/0

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

	Rate Matching
	1/1
	1/2
	1/2

	Transport Channel Multiplexing
	1/0
	1/0
	1/0

	Physical Channel Segmentation
	1/1
	1/2
	1/2

	2nd Interleaving
	1/1
	1/2
	1/2

	Physical Channel Mapping
	1/1
	1/2
	1/2

	Channel Coding and Multiplexing     (E-DPCCH)
	
	
	

	Channel Coding
	1
	2
	2

	Physical Channel Mapping
	1
	2
	2

	Channel Coding and Multiplexing  (HS-DPCCH)
	
	
	

	Channel Coding
	1
	2
	2

	Physical Channel Mapping
	1
	2
	2


4.2
Spreading
As seen in Table 2, besides the transmission of DPDCH in a single carrier, the spreading functionality for the other channels scales linearly with the addition of the 2nd carrier.
Table 2: Spreading Impact: Relative UE Complexity
	
	SC-HSUPA
	DC-HSUPA        (Intra-Band)
	DC-HSUPA         (Inter-Band)

	Spreading
	
	
	

	DPCCH
	1
	2
	2

	DPDCH
	1
	1
	1

	HS-DPCCH
	1
	2
	2

	E-DPCCH
	1
	2
	2

	E-DPDCH
	1
	2
	2


4.3
Pulse Shaping (RRC) Filter
As observed in Figures 2 and 3, for either of the two DC-HSUPA UE types (Intra-band and Inter-band) there is need for an extra RRC filter to support the 2nd transmit chain. The square root raised cosine filter (roll-off factor = 0.22) maybe realized digitally via an FIR implementation. The filter output sampling rate can range from 2x to 8x the chip rate. Table 3 summarizes the relative UE complexity impact for this sub-system.
Table 3: Pulse Shaping (RRC Filter): Relative UE Complexity
	
	SC-HSUPA
	DC-HSUPA        (Intra-Band)
	DC-HSUPA         (Inter-Band)

	Pulse Shaping (RRC) Filter
	
	
	

	RRC Filter
	1
	2
	2


4.4
Combining of Digital Data Streams
As seen in Figure 2, for the intra-band DC-HSUPA UE, since we use a single RF chain downstream, the baseband samples from each base-band transmit chain need to be combined prior to sending the digital data to the digital front end unit. For this purpose, in order to ensure a symmetric bandwidth around the dc component (5 MHz on either side), we need to rotate each of the streams by a complex sinusoid. One of the streams is rotated by a sinusoid at +2.5 MHz and the other stream is rotated by a sinusoid at -2.5 MHz. These rotations are performed in the digital domain prior to adding the 2 streams to obtain a combined digital data stream. 

The inter-band DC-HSUPA UE need not combine these streams, since we assume two separate RF chains. Table 4 summarizes the relative complexity for this functionality between the 3 UE types.
Table 4: Combining of Digital Data Streams: Relative UE Complexity
	
	SC-HSUPA
	DC-HSUPA        (Intra-Band)
	DC-HSUPA         (Inter-Band)

	Combining of Digital Data Streams
	
	
	

	Rotation by a Complex Sinusoid (+2.5 Mhz)
	0
	1
	0

	Rotation by a Complex Sinusoid (-2.5 Mhz)
	0
	1
	0

	Addition of data streams from each transmit chain after rotation
	0
	1
	0


5
Digital Front End Processing

In this section, we compare the digital front end requirements for the 3 different UE types. 

The digital front end processing consists of the following units:
· Digital to Analog Converter (DAC)

· Low Pass Filter
5.1
Digital to Analog Converter
The single sided bandwidth of the digital output for the SC-HSUPA UE or each of the digital outputs of the Inter-Band DC-HSUPA UE is 2.5 MHz while the single sided bandwidth of the Intra-Band DC-HSUPA UE is 5 MHz. Hence the required sampling rate for the DAC for the Intra-band DC-HSUPA doubles compared to the SC-HSUPA UE, while we need an additional DAC for the Inter-band DC-HSUPA UE operating at the same sampling rate as that of a SC-HSUPA UE. 
Table 5 summarizes the DAC requirement for each of the 3 UE types.
Table 5: DAC: Relative UE Complexity
	
	SC-HSUPA
	DC-HSUPA        (Intra-Band)
	DC-HSUPA         (Inter-Band)

	DAC Requirement
	
	
	

	Normalized DAC Sampling Rate
	1
	2
	1

	Number of DACs required
	1
	1
	2

	Upper Limit on Power Ratio Between 2 Carriers
	N/A
	YES
	NO


5.2
Low Pass Filter
The DAC is followed by a low pass filter that serves the purpose of reconstruction of the analog waveform. Table 6 summarizes the LPF requirement.
Table 6: DAC: Relative UE Complexity
	
	SC-HSUPA
	DC-HSUPA        (Intra-Band)
	DC-HSUPA         (Inter-Band)

	Analog LPF Requirement
	
	
	

	Single Sided Bandwidth [MHz]
	2.5
	5
	2.5

	Number of LPF required
	1
	1
	2


6
RF Processing

The RF processing block consists of the following units:
· Local Oscillator

· Power Amplifier

· Transmit Antenna

6.1 Local Oscillator (LO)

As seen in Figures 1,2 and 3, the SC-HSUPA UE and Intra-band DC-HSUPA UE require a single RF chain, and hence we need a single local oscillator for up conversion of the analog signal to RF frequency. Since the Inter-band UE requires two RF chains, two local oscillators are needed for up converting each digital stream separately. Table 7 summarizes the LO requirement for each of these 3 UE types.
Table 7: Local Oscillator: Relative UE Complexity
	
	SC-HSUPA
	DC-HSUPA        (Intra-Band)
	DC-HSUPA         (Inter-Band)

	Local Oscillator Requirement
	
	
	

	Number of Local Oscillators
	1
	1
	2

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


6.2 Power Amplifier

Table 8 summarizes the power amplifier requirement for each of these 3 UE types. The 2 RF chain requirements for the Inter-band case stems from the fact that power amplifiers are not wide-band enough and duplexers are band selective.
Table 8: Power Amplifier: Relative UE Complexity
	
	SC-HSUPA
	DC-HSUPA        (Intra-Band)
	DC-HSUPA         (Inter-Band)

	Power Amplifier Requirement
	
	
	

	Number of PAs
	1
	1
	2

	PA Bandwidth [MHz]
	5
	10
	5


6.3 Transmit Antennas

For the SC-HSUPA UE and the Intra-band DC-HSUPA UE, we require a single transmit antenna since a single RF chain is used. However, even though we assume two RF chains for the Inter-band operation, we could potentially use a single transmit antenna that is connected to both these chains via a diplexer. A diplexer could lead to additional loss in the transmit chain and hence there may be more stringent requirement on the PAs to overcome this loss. In the assumed UE implementation in this analysis, we assume a separate transmit antenna for the 2nd RF chain. 
Table 9: Transmit Antennas: Relative UE Complexity
	
	SC-HSUPA
	DC-HSUPA        (Intra-Band)
	DC-HSUPA         (Inter-Band)

	Transmit Antenna Requirement
	
	
	

	Number of Tx Antennas
	1
	1
	2

	Normalized Antenna Bandwidth
	1
	2
	1


7
SI reporting and E-TFC Selection Algorithm
It is assumed that the UE will need to report the Scheduling Information (SI) on each carrier. The power headroom of each carrier may be reported assuming that the Max UE Tx power per carrier is obtained by dividing the maximum UE Tx power by the number of carriers.

Furthermore, since the UE now will have to select 2 separate E-TFCs in the same TTI, corresponding to a separate TBS sent on each carrier, a modification will be needed to the existing E-TFC selection algorithm that will make a decision on the E-TFC on each carrier based on the scheduling grant on each carrier. For the intra-band DC-HSUPA case (single PA solution), a detailed cubic metric analysis will need to be performed and based on this analysis the TFC-MPR and E-TFC MPR tables as specified in [4], Section 6.5 (Maximum allowed UL TX Power) may need to be modified accordingly.
8
Optimization of Overhead Channels in DC-HSUPA

Adding extra CDMA channels on the uplink leads to cubic metric impact and a slight increase in channel coding and spreading. Furthermore, sending overhead channels on both carriers leads to contribution to noise rise in both carriers.
 In DC-HSUPA, there is a possibility we could avoid sending overhead channels on the 2nd carrier. For example:

· In spite of transmitting on 2 carriers on the uplink we could continue to send HS-DPCCH on a single carrier. 
· Also, E-DPCCH could be jointly encoded across the 2 carriers, by still assuming 7 bits of E-TFCI information. 
· If the transport block sizes do not differ too much across the 2 carriers, we can exploit this constraint by allowing a few bits of E-TFCI to signal the TBS on the primary carrier and the remaining bits of E-TFCI to signal the relative difference in TBS size on the secondary carrier.
9
Conclusions

A detailed UE complexity analysis was performed to investigate the impact of DC-HSUPA on the UE complexity. For the purpose of comparison, the baseline UE was assumed to be SC-HSUPA UE. The analysis was performed on both the digital baseband portion as well as the Digital Front-end and RF portions of the UE transmitter.
The UE complexity comparison can be summarized in Table 10. 
Table 10: UE Complexity Comparison between SC-HSUPA and DC-HSUPA (Intra/Inter-Band)
	
	SC-HSUPA
	DC-HSUPA           (Intra-Band)
	DC-HSUPA      (Inter-Band)

	Digital Baseband Processing

	Channel Coding and Multiplexing                (DPDCH/E-DPDCH)
	
	
	

	CRC Attachement
	1/1
	1/2
	1/2

	Transport Block Concatenation
	1/0
	1/0
	1/0

	Code Block Segmentation
	1/1
	1/2
	1/2

	Channel Coding
	1/1
	1/2
	1/2

	Radio Frame Equalization
	1/0
	1/0
	1/0

	1st Interleaving
	1/0
	1/0
	1/0

	Radio Frame Segmentation
	1/0
	1/0
	1/0

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

	Rate Matching
	1/1
	1/2
	1/2

	Transport Channel Multiplexing
	1/0
	1/0
	1/0

	Physical Channel Segmentation
	1/1
	1/2
	1/2

	2nd Interleaving
	1/1
	1/2
	1/2

	Physical Channel Mapping
	1/1
	1/2
	1/2

	Channel Coding and Multiplexing     (E-DPCCH)
	
	
	

	Channel Coding
	1
	2
	2

	Physical Channel Mapping
	1
	2
	2

	Channel Coding and Multiplexing  (HS-DPCCH)
	
	
	

	Channel Coding
	1
	2
	2

	Physical Channel Mapping
	1
	2
	2

	Spreading
	
	
	

	DPCCH
	1
	2
	2

	DPDCH
	1
	1
	1

	HS-DPCCH
	1
	2
	2

	E-DPCCH
	1
	2
	2

	E-DPDCH
	1
	2
	2


Table 10 (continued): UE Complexity Comparison between SC-HSUPA and DC-HSUPA (Intra/Inter-Band)

	Digital Front End Processing

	DAC Requirement
	
	
	

	Normalized DAC Sampling Rate
	1
	2
	1

	Number of DACs required
	1
	1
	2

	Upper Limit on Power Ratio Between 2 Carriers
	N/A
	YES
	NO

	Analog LPF Requirement
	
	
	

	Single Sided Bandwidth [MHz]
	2.5
	5
	2.5

	Number of LPF required
	1
	1
	2

	RF Processing

	Local Oscillator Requirement
	
	
	

	Number of Local Oscillators
	1
	1
	2

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

	Power Amplifier Requirement
	
	
	

	Number of PAs
	1
	1
	2

	PA Bandwidth [MHz]
	5
	10
	5

	Transmit Antenna Requirement
	
	
	

	Number of Tx Antennas
	1
	1
	2

	Normalized Antenna Bandwidth
	1
	2
	1


From Table 10, we infer the following:

· Due to a doubling of uplink peak-rate (11.52 Mbps to 23.04 Mbps), we observe a linear increase in digital base-band processing between SC-HSUPA and DC-HSUPA. The peak rates achieved here are still significantly less than the uplink peak rates associated with LTE Rel-8 UE (43.2 Mbps) in 10 MHz.
· An extra pulse shaping filter is needed for DC-HSUPA to filter the additional stream.

· The Intra-Band DC-HSUPA UE will require 2 extra rotations with complex sinusoid at the output of the RRC filter.
· For the RF/Digital Front-End portion, there is no additional increase in RF chains due to DC-HSUPA operation for the Intra-band (adjacent carrier) case. The minor differences can be summarized as follows:
· Larger Analog LPF bandwidth (5 MHz to 10 MHz)
· Doubling of DAC sampling rate

· The Inter-Band DC-HSUPA UE requires an additional RF chain compared to SC-HSUPA.

· The additional DAC, Analog LPF and power amplifiers have the same requirements as that required for SC-HSUPA.

· A second transmit antenna is assumed in this analysis to connect to the second RF chain, although one could optimize this design by avoiding the second transmit antenna by inserting a diplexer between the antenna and the two RF chains.

From this analysis, we conclude that the DC-HSUPA Intra-band capable UE device is of similar complexity to that of a SC-HSUPA UE device from a RF/Digital Front End sub-system point of view. A DC-HSUPA Inter-Band UE will require an additional RF chain and may require an additional transmit antenna which in turn translates to extra cost. With regard to required uplink peak rate of 23.04 Mbps, given the availability of UEs and mobile devices with much higher uplink peak rates in the near future, we expect that the implementation of DC-HSUPA UEs would be highly feasible.
10
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