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1		Introduction 
Today, a UE capable of DB-DC-HSDPA and DB-4C-HSDPA is configured with DL carriers across bands. But UL carriers are configured only on one of the two bands. UL carriers on the other band remain unused. Some operators may want to support UL carrier aggregation but may not have 10MHz of contiguous spectrum available in a band.
So dual band uplink carrier aggregation is a natural evolution of DC-HSUPA and DB-DC-HSDPA/DB-4C-HSDPA. It involves aggregating non-adjacent 5MHz uplink carriers across two different bands and allows more efficient UL spectrum utilization. It is assumed that carriers belong to the same Node-B. It enables operators without 10MHz of contiguous spectrum available in a single band to support UL carrier aggregation across bands. 
1.1   	Band Combinations 
The following table shows the band combinations and corresponding regions for dual band uplink carrier aggregation WI[1][2]:
	Configuration
	UL Band A
	UL Band B
	DL Band A
	DL Band B
	Region

	#1
	I
(2.1GHz)
	VIII
(900MHz)
	I
(2.1GHz)
	VIII
(900MHz)
	China, EU, Japan, APAC, Korea, Russia, Africa

	#2
	I
(2.1GHz)
	V
(850MHz)
	I
(2.1GHz)
	V
(850MHz)
	Japan, APAC, Korea, China, Latin America

	#3
	II
(1900MHz)
	V
(850MHz)
	II
(1900MHz)
	V
(850MHz)
	Japan, APAC, North America, Latin America


Table 1 Band Combinations and Regions
UMTS only defines three combinations, as compared to ~20 for LTE. All UMTS configuration are Case A1(Low-High). Neither harmonic relationship between bands nor lower order IM relationship exists between bands. DB-DC-HSUPA is much simpler than what is being implemented for LTE. A1 cases are not typically problematic per conclusions of [3].

[image: ]
Figure 1 Band combinations for Dual Band UL CA
Co-located and aligned antenna patterns on both bands is assumed for deployment scenario. Also one UL carrier configured on each UL band is assumed. The operation implies at least two carriers configured simultaneously in downlink (paired with the UL carriers). 
2		UE Tx RFFE Architecture 
2.1        DC-HSUPA
Figure 2 below shows a high level UE transmitter architecture for DC-HSUPA where both carriers are on the same UL band and thus uses a single chain of mixer, PA, duplexer, switchplexer and antenna at any time. The baseband processing is duplicated in order to processes two different transport blocks from MAC corresponding to each UL carrier. The I/Q samples at the output of each baseband chain (consisting of channel coding, multiplexing, spreading/scrambling and RRC filtering) are modulated and added so that the two UL streams (5 MHz each) are placed contiguously i.e. the center frequencies of both carriers are spaced by 5MHz. The I/Q samples at the output of the adder is then sent through DAC and low pass filtered before upconverting to RF by the RF analog chain as shown.


Figure 2 DC-HSUPA UE Tx block diagram
2.2        Dual Band DC-HSUPA
Figure 3 shows a high level UE transmitter architecture for dual band UL CA where each UL carrier is on a different UL band and thus uses two chains of mixer, PA, duplexer, switchplexer, diplexer and antenna at any time. Similar to DC-HSUPA, the baseband processing is duplicated in order to process two different transport blocks from MAC corresponding to each UL carrier. The I/Q samples at the output of each baseband chain (consisting of channel coding, multiplexing, spreading/scrambling and RRC filtering) are then sent through DAC and low pass filtered before upconverting to RF by their corresponding RF analog chains as shown.This architecture closely matches the agree reference architecture for LTE inter-band 2UL CA.


Figure 3 Dual Band UL CA UE Tx block diagram with 1 Tx antenna
Proposal: RAN4 should discuss the proposed RFFE reference architecture for HSPA dual band UL CA and agree on a reference architecture for the feature.
[bookmark: _GoBack]3	Conclusion
This paper provided an overview of dual band uplink carrier aggregation for HSPA along with band combinations to be supported, assumptions and high level UE RFFE transmitter architecture. The paper also made the following proposal:
Proposal: RAN4 should discuss the proposed RFFE reference architecture for HSPA dual band UL CA and agree on reference architecture for the feature.
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