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1		Introduction 
This contribution provides an impact assessment on UE Tx requirements as specified in [1] due to the introduction of HSPA Dual Band Uplink Carrier Aggregation (DB UL CA) [2] in Rel-13 and provides an assessment on whether the requirements are expected to change or remain the same when the two uplink carriers are configured on different frequency bands as opposed to being on the same band as assumed in the specification today.
2	UE Transmitter Requirements Impact Assessment  
2.1        UE Maximum Output Power
Section 6.2.1 in [1] specifies the nominal maximum output power and tolerance per band depending on UE power class.
For DB UL CA, since the UE is desired to use two full power capable RF front ends, the UE maximum output power will be the sum of the two nominal maximum output powers across bands. All UMTS DL UL CA cases fall into the easiest category; high/low bands combination with no harmonic relationship. Investigation of these band combinations for LTE showed some margin using a lower maximum output power. Investigation for UMTS at full power is on-going. 
Proposal 1: For DB UL CA, the UE maximum output power will be the sum of the two nominal maximum output powers across bands.
2.2        CM/MPR Requirements
Section 6.2.2 in [1] specifies the requirement on the Maximum Power Reduction (MPR) for the nominal maximum output power with HS-DPCCH and E-DCH configured. 
For DB UL CA, this same MPR requirement will apply to the band which carriers the primary UL carrier i.e. the band where HS-DPCCH is configured. 
The MPR requirement for the other band which carriers the secondary UL carrier needs to be analyzed.
Proposal 2: For DB UL CA, the existing MPR requirement for the nominal maximum output power with HS-DPCCH and E-DCH configured will apply to the band which carriers the primary UL carrier. The MPR requirement for the other band which carriers the secondary UL carrier needs to be defined.

[bookmark: _Toc408321197]2.3	UE Relative code domain power accuracy
Section 6.2.3A in [1] specifies the relative CDP accuracy requirement for DC-HSUPA and assumes balanced Tx power across the two carriers. The same requirement can apply to DB UL CA for the scenario of balanced Tx power though in reality the Tx power for both carriers may not be the same. 
Proposal 3: The relative CDP accuracy requirement for DC-HSUPA can apply to DB UL CA with the assumption of balanced Tx power across the two carriers
2.4	Frequency Error
Section 6.3 in [1] specifies the requirement on frequency error accuracy for single carrier case where the accuracy is compared to the DL carrier frequency while section 6.3A specifies the requirement on frequency error accuracy for the dual carrier case where the accuracy is compared to the average of the DL carrier frequencies.
For DB UL CA, the requirement could be set per band where the accuracy of each UL carrier frequency is compared to the associated DL carrier frequency.
Proposal 4: For DB UL CA, frequency error requirement could be set per band where the accuracy of each UL carrier frequency is compared to the associated DL carrier frequency.
2.5        Open loop power control
Section 6.4.1 in [1] specifies the requirement on open loop power control tolerance. For DC-HSUPA this requirement is defined per carrier. For DB UL CA, the same approach of setting requirement per carrier can be followed.
Proposal 5: No new requirements needed for open loop power control tolerance for DB UL CA. Requirements for DB UL CA will be defined per carrier as those for DC-HSUPA.
2.6        Inner loop power control in the uplink
Section 6.4.2 in [1] specifies the requirement on ability of the UE transmitter to adjust its output power in accordance with one or more TPC commands received in the downlink. Section 6.4.2.1.1A defined the additional requirement for DC-HSUPA. For DB UL CA, there will be two inner loop power control loops defined where each loop controls the Tx power on the assigned carrier on one band. The ILPC requirments for DB UL CA shall be the same as that for DC HSUPA
Proposal 6: No new requirements needed for inner loop power control for DB UL CA. Requirements for DB UL CA will be same as those for DC-HSUPA.
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Section 6.4.3 in [1] specifies requirements on the minimum controlled output power of the UE when the power is set to a minimum value. Section 6.4.3.1A defines the additional requirement for DC-HSUPA for which the minimum output power is defined as the mean power in one time slot in each carrier. For DB UL CA, the same requirement as for DC-HSUPA will apply i.e. the minimum output power is defined as the mean power in one time slot in each carrier.
Proposal 7: For DB UL CA, the same requirement as for DC-HSUPA will apply i.e. the minimum output power is defined as the mean power in one time slot for each carrier.
2.8	Out-of-synchronization handling of output power
Section 6.4.4 in [1] defines OOS handlings requirements as follows:
When the UE estimates the DPCCH quality or the quality of the TPC fields of the F-DPCH frame received from the serving HS-DSCH cell to be worse than a threshold Qout, the UE shall shut its transmitter off. When the UE estimates the DPCCH quality or the quality of the TPC fields of the F-DPCH frame received from the serving HS-DSCH cell to be better than a threshold Qin, the UE shall again turn its transmitter.
For DB UL CA, this same requirement shall apply to each individual band with the additional requirement that when the primary carrier is determined to be OOS, the secondary carrier on the band shall also be turned off regardless of whether the secondary carier is out-of-sync or not. When the secondary carrier is determined to be OOS, the UE can continue to transmit on the primary carrier on the other band as long as it is not out-of-sync.
Proposal 8: Additional OOS requirement for DB UL CA is that when the primary UL/DL carrier is determined to be OOS, the both the primary and secondary carriers shall be turned off regardless of whether the secondary carier is out-of-sync or not. When the secondary carrier is determined to be OOS, the UE can continue to transmit on the primary carrier on the other band as long as it is not out-of-sync.
2.9	Transmit OFF power 
Section 6.5.1 in [1] defines requirements on transmit OFF power. The transmit OFF power for DC-HSUPA is defined per carrier as the RRC filtered mean power in a duration of at least one timeslot excluding any transient periods.
For DB UL CA, the transmit OFF power can be defined per carrier as for the DC-HSUPA case. 
Proposal 9: For DB UL CA, the transmit OFF power can be defined per carrier as for the DC-HSUPA case
2.10	Occupied bandwidth
Section 6.6.1A in [1] defines requirements for occupied bandwidth which is a measure of the bandwidth containing 99 % of the total integrated power of the transmitted spectrum, centered on the assigned channel frequency. The requirement is that occupied bandwidth shall be less than 5 MHz for single carrier operation and less than 10MHz for DC-HSUPA.
For DB UL CA, the occupied bandwidth shall be defined per carrier and the requirement should be that the occupied bandwidth shall be less than 5 MHz per carrier/band.
Proposal 10: For DB UL CA, the occupied bandwidth shall be defined per carrier and the requirement should be that the occupied bandwidth shall be less than 5 MHz per carrier/band.
2.11	Out of band emission (SEM and ACLR)
Section 6.6.2 in [1] defines requirements for out of band emissions. These emissions are unwanted emissions immediately outside the nominal channel. For DB UL CA, the out of band emission requirements will apply to both transmit signals. No changes in the requirement level are being proposed. 
Proposal 11: For DB UL CA, the out of band emissions shall be applied per carrier. No changes to the existing requirement levels. 
2.12	Spurious Emissions
Section 6.6.3 in [1] defines requirements for emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emission, intermodulation products and frequency conversion products, but exclude out of band emissions. The spurious emission requirements are specified in as general and additional band specific requirements. No changes to the general requirement are proposed and will be applied to both transmit signals, noting that at some frequencies the limit applied to each carrier may differ, hence using the larger. Additional band specific requirements define the allowed emissions into ‘protected’ bands. Protected band requirements will not apply when the protected band is an active DB-UL CA pair. 
Proposal 12: For DB UL CA no changes are proposed to the requirement levels. Clarifications may be necessary to avoid ambigious test conditions. 
2.13	Transmit Intermodulation
Section 6.7 in [1] defines requirements for transmit intermodulation.This is a measure of the capability of the transmitter to inhibit the generation of signals in its non linear elements caused by presence of the wanted signal and an interfering signal reaching the transmitter via the antenna. The interfering signal are relatively close to the wanted transmit signal (10 & 20MHz offset). The UMTS DB UL CA band combinations provide a large separation between the two active UL signals (i.e. >1000MHz). No impact to transmit intermodulation performance is expected. 

Proposal 13: : For DB UL CA, the transmit intermodulation requirement shall be applied per carrier. No changes to the existing requirement levels. 
2.14	Error Vector Magnitude
Section 6.8.2 in [1] defines requirements for EVM which is a measure of the difference between the reference waveform and the measured waveform. For DB UL CA, the requirement in section 6.8.2 shall apply to each individual UL carrier per band. 
Proposal 14: For DB UL CA, the EVM requirement in section 6.8.2 shall apply to each individual UL carrier per band.
2.15	Relative code domain error
Section 6.8.3a in [1] defines requirements for the relative code domain error. When DC-HSUPA is configured, the requirement and corresponding measurements apply to each individual carrier when the total power in each of the assigned carriers is equal to each other. For DB UL CA, the requirement for the single UL carrier case can apply to each independent UL carrier. Also the additional requirements for DC-HSUPA defined in section 6.8.3a.1.1a do not apply for DB UL CA.
Proposal 15: For DB UL CA, the relative code domain error requirement for the single UL carrier case can apply to each independent UL carrier. Also the additional requirements for DC-HSUPA defined in section 6.8.3a.1.1a do not apply for DB UL CA.
2.16	In-band emission
Section 6.8.3b in [1] defines requirements for the in-band emission for DC-HSUPA which is measured as the ratio of the UE output power in one carrier in dual cells to the UE output power in the other carrier, where the power in the former carrier shall be set to the minimum output power and the power in the latter carrier to the maximum output power.
For DB UL CA, since UL carriers are on different bands, this requirement does not apply.
Proposal 16: For DB UL CA, since UL carriers are on different bands, the in-band emission requirement does not apply.
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Section 6.8.7 in [1] defines requirements for the time alignment error in DC-HSUPA transmission which is specified as the delay between the signals from primary and secondary uplink frequencies at the antenna port. This requirement can apply as is for DB UL CA.
Proposal 17: Time alignment error requirement for DC-HSUPA transmission shall apply to DB UL CA as well.
3	Conclusion
This paper has provided an UE Tx requirements impact analysis due to the introduction of HSPA DB UL CA and make the following obervations and proposals:
Proposal 1: For DB UL CA, the UE maximum output power will be the sum of the two nominal maximum output powers across bands.
Proposal 2: For DB UL CA, the existing MPR requirement for the nominal maximum output power with HS-DPCCH and E-DCH configured will apply to the band which carriers the primary UL carrier. The MPR requirement for the other band which carriers the secondary UL carrier needs to be defined.
Proposal 3: The relative CDP accuracy requirement for DC-HSUPA can apply to DB UL CA with the assumption of balanced Tx power across the two carriers
Proposal 4: For DB UL CA, frequency error requirement could be set per band where the accuracy of each UL carrier frequency is compared to the associated DL carrier frequency.
Proposal 5: No new requirements needed for open loop power control tolerance for DB UL CA. Requirements for DB UL CA will be defined per carrier as those for DC-HSUPA.
Proposal 6: No new requirements needed for inner loop power control for DB UL CA. Requirements for DB UL CA will be same as those for DC-HSUPA.
Proposal 7: For DB UL CA, the same requirement as for DC-HSUPA will apply i.e. the minimum output power is defined as the mean power in one time slot for each carrier.
Proposal 8: Additional OOS requirement for DB UL CA is that when the primary UL/DL carrier is determined to be OOS, the both the primary and secondary carriers shall be turned off regardless of whether the secondary carier is out-of-sync or not. When the secondary carrier is determined to be OOS, the UE can continue to transmit on the primary carrier on the other band as long as it is not out-of-sync.
Proposal 9: For DB UL CA, the transmit OFF power can be defined per carrier as for the DC-HSUPA case
Proposal 10: For DB UL CA, the occupied bandwidth shall be defined per carrier and the requirement should be that the occupied bandwidth shall be less than 5 MHz per carrier/band.
Proposal 11: For DB UL CA, the out of band emissions shall be applied per carrier. No changes to the existing requirement levels. 
Proposal 12: For DB UL CA no changes are proposed to the requirement levels. Clarifications may be necessary to avoid ambigious test conditions. 
Proposal 13: : For DB UL CA, the transmit intermodulation requirement shall be applied per carrier. No changes to the existing requirement levels. 
Proposal 14: For DB UL CA, the EVM requirement in section 6.8.2 shall apply to each individual UL carrier per band.
Proposal 15: For DB UL CA, the relative code domain error requirement for the single UL carrier case can apply to each independent UL carrier. Also the additional requirements for DC-HSUPA defined in section 6.8.3a.1.1a do not apply for DB UL CA.
Proposal 16: For DB UL CA, since UL carriers are on different bands, the in-band emission requirement does not apply.
Proposal 17: Time alignment error requirement for DC-HSUPA transmission shall apply to DB UL CA as well.
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