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1		Introduction 
In RAN4#76, the way forward document [1] was approved. The agreed way forward is as follows: 
· It is agreed that UE power class 3 will be supported for DB-DC-HSUPA
· The following are FFS:
· whether RAN4 will specify power class 2 along with class 3 for DB-DC-HSUPA band combinations I+VIII, I+V, and II+V
· In case an additional power class is defined, UE can select the preferred power class and signal it to the network using the existing capability signaling similar to Rel-99, SC-HSUPA, and DC-HSUPA
[bookmark: _GoBack]Some companies expressed concerns regarding the support of power class 2 UE for DB-DC-HSUPA and this paper intends to summarize the work done so far in terms of RF analysis and system level throughput results to motivate the need to support power class 2 for DB-DC-HSUPA.
2	RF Analysis Summary
In previous meetings on DB-DC-HSUPA, detailed RF analysis on supporting power class 2 has been presented. In [2], analysis on impact of inter-modulation products on UE REFSENS due to Dual Band UL CA using Class 2 UE with two full power PAs has been presented. The assessment of the impact of IM product due to DB-DC-HSUPA on the UE’s receiver consisted of identifing IM products that fall into an RX channel, determining the magnitude of this IM product and applying a receiver noise/interference model to assess REFSENS impact. The table in section 2.4.3 of the paper captures a summary of results for configuration 1 (B1+B8) showing potential impact to REFSENS and proposed MSD for the case when two max power PAs are used. When we looked at the current deployment of UMTS frequencies by various operators, we found that this MSD is applicable only to a specific channel combination in configuration 1 (B1+B8) and we found only one operator who owns this channel combination. For all other channel combinations in configurations 1, 2, 3, REFSENS relaxation is not needed. So we proposed to add a note in the specification to avoid the specifc channel combination in configuration 1 (B1+B8) for which MSD is observed. No REFSENS relaxation is needed due to any other channel combination in Configurations 1, 2 and 3 for HSPA Dual Band Uplink CA.
In [3], analysis on spurious response into protected bands due to Dual Band UL CA using Class 2 UE was presented. The paper presented the spurious emissions impact of using two PAs at full power on the requirement for spurious response into protected bands for all three DB-DC-HSUPA configurations. The analysis showed two violations of the requirement specified in TS25.101. The IM4 spurious emission due to configuration 1 lands in the 791-821MHz band and violates the specification requirement by 0.4dB. The IM3 spurious emission due to configuration 3 lands in the 3510-3590MHz band and violates the specification requirement by 4.9dB. But checking the actual filter performance from different vendors shows that there is sufficient additional filter rejection margin available which will enable the DB UL CA UE to meet the specification requirement and thus no requirements relaxation will be required.  
[4] analyzes the potential for two uplink signal one in each band & an Out-Of-Band Blocker generating a third-order IM product at the receiver’s LNA falling into the RX channel, thus causing interference. All six cases for the three configurations were analysed i.e. Configuration 1, Band 1 + Band 8, Victim RX-Band 1; Configuration 1, Band 1 + Band 8, Victim RX-Band 8; Configuration 1, Band 1 + Band 5, Victim RX-Band 1; Configuration 1, Band 1 + Band 5, Victim RX-Band 5; Configuration 1, Band 2 + Band 5, Victim RX-Band 2; and, Configuration 1, Band 2 + Band 5, Victim RX-Band 5. To assess the IM3 level in the RX channel, a simulation was performed. The simulation combines two HSUPA signals and a tone at the appropriate levels. This composite signal is then pushed through a third-order nonlinearity whose coefficient matches the IIP3 level of the UE’s Receiver. The resulting IM3 is then filtered by the channel filter response before its power is calculated. The result show a 0.5dB margin to the requirement. Actual filters will typically provide additional rejection. Note that all occurrence of the worst case IM product will occur with the Out-Of-Band Blocker tone located at frequency >3GHz. The additional front end loss at this frequency will also provide additional margin. Thus the conclusion was that the existing OOB Blocking requirement can be met with DB-DC-HSUPA.
[5] analysed impact of cross-modulation requirement i.e. third-order intermodulation phenomenon due to an Adjacent Channel Blocker and the UE’s two simultaneous transmit signals one in each band and generated in the receiver’s LNA due to HSPA Dual Band UL CA. The anlysis showed that for B1+B8, there is an increase in the filtered XMOD by 0.5dB. This 0.5dB degradation in ACS performance with DB-DC-HSUPA is minimal and not expected to impact the UE. Hence, the proposal was that there is no change required to the ACS requirement for DB-DC-HSUPA. 
3	System Level Benefits 
Systems level performance simulations have shown that there are significant gains to be had with a Class 2 UE compared to a Class 3 UE. The simulation results below use the assumption of 10dB UL pathloss difference between low and high band carrier. Upto 30% gains can be achieved by using a power Class 2 UE using two full power PAs simultaneously when compared to a power class 3 UE with max UE power limited to 24dBm. A Class 2 UE has the following advantages over Class 3 UE:
· Better UL throughput when UE is power limited
· Simple power allocation scheme as power allocated to one carrier will not affect the power allocated to the other carrier
· Class 2 UE will always performs better than or as good as single carrier UE
· Dual carrier deactivation is not critical to ensure DB-DC UE does not perform worse than SC UE 
[image: ]
Figure 1 Throughput vs Path loss on 900MHz carrier for Class 2 DB-DC HSUPA UE, Class 3 DB-DC HSUPA UE and Single Carrier UE
[image: ]
Figure 2 % Throughput Gain vs Path loss on 900MHz carrier for Class 2 DB-DC HSUPA UE, Class 3 DB-DC HSUPA UE with respect to Single Carrier UE
Also while LTE inter-band 2UL CA only supports UE power class 3, there is no reason to do the same for DB-DC-HSUPA especially since the UTRA and E-UTRA specifications have diverged and evolved independently. Spurious emission requirements and REFSENS exceptions for certain band combinations across UTRA and E-UTRA specifications can be cited as some examples for the same. Thus taking into account the system level benefits that Class 2 DB-DC-HSUPA UE can provide and the fact that there is no impact on RF requirements, companies should agree to allow Class 2 operation for DB-DC-HSUPA. Moreover, as captured in the way forward [1], if power class 2 is defined, the UE can select the preferred power class (i.e. Class 2 or Class 3) and signal it to the network using the existing capability signaling similar to Rel-99, SC-HSUPA, and DC-HSUPA. Thus a UE supporting the DB-DC-HSUPA feature can choose the power class it wants to support and is not forced to support Class 2 operation for this feature.
Proposal: RAN4 should specify UE power class 2 along with power class 3 for DB-DC-HSUPA. 
4	Conclusion
This paper has provided a brief summary of previous RF analysis which showed no impact to existing requirements and system level benefits in order to motivate the need to support power class 2 for DB-DC-HSUPA and made the following proposal:
Proposal: RAN4 should specify UE power class 2 along with power class 3 for DB-DC-HSUPA. 
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