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1
Introduction
At RAN#45 meeting, the Work Item "1.28Mcps TDD Multi-carrier HSUPA" was approved. For MC-HSUPA, the most impacted part in RF requirements is UE transmitter characteristics. In this document, we performed an impact analysis of MC-HSUPA on the UE transmitter characteristics as defined in 25.102.
2
Assumptions

In RAN1, the working assumptions were listed here as in [4]:

· In MC-HSUPA, the single RF chain UE transmitter structure is adopted as the reference structure. 

· In MC-HSUPA, the UE transmission power should be shared among all the uplink carriers.
Thus, in the impact analysis performed here for MC-HSUPA, we also assume a single RF transmitter front end as shown in Figure 1 below.
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Figure 1: MC-HSUPA UE Transmitter (Block Diagram )
As in Figure 1, we assume the following for the purpose of analysis of impact to UE transmitter characteristics in the document:

· N Square Root Raised Cosine (SRRC) filters

· N Digital Oscillators (1.6 MHz difference from the adjacent carrier)

· 1 Digital to Analog Converter (DAC)

· 1 Analog Low Pass Filter (LPF)

· 1 RF local oscillator tuned to the center of the N carriers
· 1 Power Amplifier (PA)

· 1 Transmit Antenna

3
Analysis of UE Transmitter Characteristics
In this section we will discuss required changes and open issues for transmitter requirements due to the introduction of MC-HSUPA. In the following discussion, we analyze each of the existing UE transmitter characteristics as specified in 25.102.
6.2
Transmit power
6.2.1
User Equipment maximum output power
6.2.2
UE maximum output power with E-DCH
6.3
UE frequency stability
6.4
Output power dynamics
6.4.1
Power control
6.4.1.2.1
Open loop power control
6.4.1.2.2
Closed loop power control
6.4.1.2.2.1
Power control steps
6.4.2
Minimum output power
6.4.3
Out-of-synchronisation handling of output power
6.5
Transmit ON/OFF power
6.6
Output RF spectrum emissions
6.6.1
Occupied bandwidth
6.6.2
Out of band emission
6.6.2.1
Spectrum emission mask
6.6.2.2
Adjacent Channel Leakage power Ratio (ACLR) 

6.6.3
Spurious emissions
6.7
Transmit intermodulation
6.8
Transmit Modulation
6.8.1
Transmit pulse shape filter
6.8.2
Error Vector Magnitude
6.8.3
Peak Code Domain Error
6.2
Transmit Power
6.2.1
User Equipment maximum output power
In Section 6.2.1 of 25.102[2], the definition of UE transmit power is as following:

The nominal maximum output power defined is the broadband transmit power of the UE, i.e. the power in a bandwidth of at least (1+α) times the chip rate of the radio access mode. The period of measurement shall be a transmit timeslot excluding the guard period.
The definition will need to be modified for MC-HSUPA, but the requirement can be unchanged, it could be defined as: For MC-HSUPA, the User Equipment maximum output power is the sum of the transmit powers in each of the single carrier bandwidths.
6.2.2
UE maximum output power with E-DCH
In the current specification, two aspects impact the definition of MPR: one is cubic metric (CM), the other is the restriction to fulfill the requirements for a given ACLR for some frequency band. For MC-HSUPA, the relationship between ACLR and the existing cubic metric formula needs further investigation, and there are following questions:
· Does the formula need to be extended to multi-carrier operation?

· Does it need to considerate the situation of power imbalance?

Whether this requirement could be extended or replaced by some other criteria is for further discussion.
6.3
UE frequency stability
Assuming that the UE shall use the same frequency source for all of uplink carriers, the same requirement can be applied to all of carriers.
6.4
Output power dynamics
6.4.1
Power Control

For the power control, in RAN1, the status is that the inner loop power control of E-PUCH is independent for each UL carrier[5]; the open loop power control scheme, outer loop power control scheme and power scaling method are still FFS.
6.4.1.1 Open Loop Power Control
Pending decisions in RAN1, regarding how the initial power level of the E-PUCH is to be set and how the transmitting power level of the E-PUCH of one carrier is to be set which experienced a long transmission gap, it is for further discussion whether or not it would be necessary to derive different specific open loop power control accuracy requirements for each UL carrier. 

6.4.2.2
Inner loop power control in the uplink

During RAN WG1 #59 meeting, it has already been agreed for MC-HSUPA that the inner loop power control of E-PUCH shall be independent for each carrier of one UE. As the RAN1 working assumption is to have independent inner loop power control loops for the UL carriers, it should be possible to extend existing requirements such that they would need to be fulfilled on each carrier individually. As was noted in the beginning of section 3, whether power difference among UL carriers need to be considered is for further study. 
6.4.2
Minimum Output Power

It seems reasonable to assume that the requirements for minimum output power can be applicable for each carrier individually.
6.4.3
Out of synchronization handling of output power

For MC-HSUPA, whether DPCH shall be supported is still FFS in RAN1, if DPCH is supported and configured on multiple carriers, the handling needs to be clarified, but if not, this requirement could be same as that of SC-HSUPA.

6.5
Transmit ON/OFF power
Due to spectral re-growth and finite image rejection, it must be careful when defining the transmit off power for the case of transmitting independently on the UL carriers. One possible option would be force the transmit off power requirement to be applicable only for the case of simultaneous off transmitting for all carriers. In this case, the requirements for transmit off power could be applicable for each carrier individually.
6.6
Output RF spectrum emissions

6.6.1
Occupied bandwidth

The requirement for occupied bandwidth needs to allow for N*1.6 MHz occupied bandwidth for the case of MC-HSUPA, where, the parameter N is the number of carriers which is used for E-PUCH transmission for the UE and is allocated by the network.
6.6.2
Out of band emission
6.6.2.1
Spectrum Emission Mask

For MC-HSUPA, as the transmitted bandwidth is increased, the existing spectrum emission mask needs to be modified. SEM requirements can be potentially borrowed from LTE and details are still FFS.
6.6.2.2
Adjacent Channel Leakage Ratio (ACLR)

For MC-HSUPA, the definition of ACLR needs further study due to the addition of UL carriers. A possible approach would be to define ACLR as the ratio of total in-band power in all of transmitted carriers, over the power of the unwanted emissions in the adjacent carrier. In addition, multiple carriers can be transmitted simultaneously, so transmit intermodulation may be superposed on the adjacent channel, so further study may be needed to conclude on the MPR levels for different scenarios. 
6.6.3 Spurious emissions
In principle, for MC-HSUPA on UL carriers, we can potentially borrow the spurious emission requirements from E-UTRA as specified in 36.101. Further details on the actual band frequencies of the victim receiver and corresponding spurious emission requirements are FFS.

6.7
Transmit Intermodulation

For MC-HSUPA, due to the number of UL carriers transmitted for one UE can be much more than two, the Transmit Intermodulation may be superposed on the adjacent carrier. Further study may be needed to determine whether current requirements can remain unchanged.
6.8
Transmit modulation

6.8.1
Transmit Pulse Shape Filter
For MC-HSUPA, we propose to reuse the same transmit pulse shape filters in each of the carriers.
6.8.2
Error Vector Magnitude and Peak code Domain Error
For MC-HSUPA, we propose to reuse the same definition of EVM as defined for the single carrier case, the definition of Peak code Domain Error is FFS. The power balance scenario could be studied as a starting point and the case of power difference among UL carriers could be FFS.
4
Conclusions
An overview of affected UE requirements due to the introduction of MC-HSUPA has been presented.
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