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1 Introduction

At RAN#45 meeting, the Work Item "1.28Mcps TDD Multi-carrier HSUPA" [1] was approved. For the MC-HSUPA UE, there are two possible transmitter structures: one is the single RF chain transmitter structure; another is the multiple RF chain transmitter structure. In this contribution, we compare two kinds of UE transmitter structures and give our preference. 

2 Discussion
For the Work Item "1.28Mcps TDD Multi-carrier HSUPA", many issues are based on the UE’s RF structure. For the MC-HSUPA UE, there are two possible transmitter structures: one is the single RF chain transmitter structure for which the UE’s transmit power is shared among all the uplink carriers; another is the multiple RF chain transmitter structure for which each uplink carrier has its own PA in the RF chain therefore the power among carriers can not be shared. The UE transmitter structure determines whether the UE shares the total transmission power among all the uplink carriers or not. According to our analysis, the following issues are associated with the UE RF structure.
· Power allocation 
The granted power for the UE depends on the scheduling priority, channel quality, target SIR, UE power class and so on. Whether the power could be shared among all the carriers for the MC-HSUPA UE will have an impact on power allocation operation at the Node B. At the same time, the E-TFC selection for each carrier will also be affected.
· UPH

UPH is the uplink transmission power headroom of the UE. With the introduction of MC-HSUPA, the network should be acquainted of whether the UE’s transmit power is shared among all the uplink carriers. Otherwise, the calculation of the UPH for the MC-HSUPA would be affected and the scheduler cannot accurately decide the power grant for the UE.
· RF parameter requirement

For RAN4 RF parameter requirement, different kinds of transmitter structures may have different influence on the parameters’ definition. It would be better to have a working assumption about the UE transmitter structure.
3  The UE transmitter structure in MC-HSUPA
In this paragraph, the two kinds of transmitter structures for the MC-HSUPA UE mentioned above are discussed in detail. One is the multiple RF chain transmitter structure as shown in Figure 1. Each carrier has its own digital baseband structure, independent digital baseband front end and independent RF chain (if a combiner is used, the antenna could be shared by all the uplink carriers). The other is the single RF chain transmitter structure as shown in Figure 2. All the uplink carriers share the same digital baseband front end part and the same RF chain.
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Figure 1 The Multiple RF Chain Transmitter Structure
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Figure 2 The Single RF Chain Transmitter Structure
As seen in Figure 1 and Figure 2, there are no obvious differences at the digital baseband part between the two kinds of UE transmitters, except that the single RF chain transmitter structure needs additional spectrum rotation operation by which all the baseband samples from each base-band transmit chain are combined prior to sending the digital data to digital front end unit. It is clear as shown in the figures that the biggest differences between the two structures lie in the digital baseband front end and the RF chain. The single RF chain transmitter structure uses only one DAC, one LPF, one LO ,one PA and one antenna while the multiple RF chain transmitter structure uses almost N（N denotes the number of uplink carriers that the UE can use） copies of components with each copy per carrier except that with a combiner the multiple RF chain transmitter structure can use one antenna. A detailed complexity comparison of the two transmitter types is summarized in Table 1 as bellow.
Table 1 Complexity comparison between Multiple RF Chain Transmitter Structure and Single RF Chain Transmitter Structure
	
	Multiple RF Chain Transmitter Structure
	Single RF Chain Transmitter Structure

	Spectrum Rotation Operation
	N/A 
	N times

	DAC   
	Sampling Rate
	1
	N

	
	Number of DACs Required  
	N
	1

	
	Power Allocation between Multi-Carriers 
	N/A
	Need

	LPF
	Bandwidth[MHz]
	0.8
	N*0.8

	
	Number of LPFs Required 
	N
	1

	LO
	Number of LOs Required
	N [If a PLL (phase lock logic) is used, one LO is needed].
	1

	
	Central Frequency of the LO 
	F1、F2、……FN
	F (Central Frequency of the UE current working  Frequency band)

	PA 
	Number of PAs Required
	N
	1

	Antenna
	Number of Antennas Required
	N(if A combiner is used, one antenna is needed)
	1


From the analysis above, we can see that the benefit of multiple RF chain transmitter structure is that it can fully utilize the current SC-HSUPA UE’s components. However, when the UE is capable of more than two carriers transmission, the multiple RF chain transmitter structure needs far more components than its alternative scheme. Furthermore, the multiple RF chain transmitter structure will bring in the following disadvantages:

1 More components mean great increase in the UE’s weight and volume which goes against the designing idea of the current mobile equipment.

2 More components especially quite expensive PAs mean great increase in the total cost of the UE which is bad for the popularity of MC-HSUPA UE.
3 More components mean much more power consumption.

4 If there are not good isolation, interference among the PAs in the multiple RF chain transmitter structure would seriously influence the UE performance.  
Since two kinds of structures will cause great complexity for the foreseeable standardization work, for example, the calculation of UPH and the power allocation scheme etc, we suggest deciding one UE transmitter structure as the working assumption. Based on the above analysis, we have the following proposals:

Proposal 1: In MC-HSUPA, the single RF chain UE transmitter structure is adopted as the working assumption. 
Proposal 2: In MC-HSUPA, the UE transmission power should be shared among all the uplink carriers.

4 Conclusions

In this contribution we analyze the impact of UE RF structure in the MC-HSUPA and compare the single RF chain UE transmitter structure and multiple RF chain UE transmitter structure. Then at last we give our suggestions as below: 
Proposal 1: In MC-HSUPA, the single RF chain UE transmitter structure is adopted as the working assumption. 

Proposal 2: In MC-HSUPA, the UE transmission power should be shared among all the uplink carriers.
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