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1 Introduction
RAN4 at #74 meeting in Athens stared discussion on core requirements of HSPA Dual-Band UL carrier aggregation work item, which resulted in approval of way forward document [1] including agreements and further steps of work on this enhancement. Way forward document identified several open issues in terms of UE core requirements which need clarification during coming RAN4 meetings.
This contribution discusses remaining UE core requirements which need clarifications and proposes some final solutions to be applied due to introduction of dual-band HSUPA. 
2 Discussion
As a starting point for the further discussion on UE core requirements impact, one can use agreements made in WF [1] as well as decisions taken on similar work for LTE (inter-band UL CA). According to [1], remaining UE Tx core requirements of TS25.101 which need clarification due to introduction of dual-band HSUPA carrier aggregation are as follow:
· UE reference architecture 
· UE Maximum output power
· Maximum power reduction (MPR) for secondary carrier
· Inner loop power control,  Relative code domain power accuracy and Transmit Modulation for imbalanced power of UL carriers
· Occupied bandwidth
· Spurious emissions

· Time alignment error (TAE)

2.1. UE reference architecture
UE reference architecture has been discussed at RAN4#74 based on [2] and [3] where LTE inter-band UL CA capable architectures have been presented as baselines. According to the discussion it seems to be common view that LTE architectures can be assumed also for dual-band HSUPA transmission. It has been also highlighted that downselection of one architecture among two available is not desired because would lead to limitation of implementation freedom. 
Proposal 1:  UE architectures capable of LTE inter-band UL CA should be used as baseline for dual-band HSUPA capable UEs.
Proposal 2: Do not downselect any of UE architectures proposed for dual-band HSUPA to allow implementation freedom. 
2.2. UE Maximum output power (section 6.2)
According to WF [1], RAN4 has decided that the definition of MOP has to be generalized in order to include the measurement of the power over all the uplink carriers across different bands but whether to consider maximum output power per carrier or define a new maximum output power limit across both carriers has been left open. In this contribution it is proposed to define MOP per UE, i.e. across both carriers. This approach has been used in case of LTE inter-band UL CA, where new table 6.2.2A-0 has been added to TS36.101 with values of MOP across all allowed UL inter-band configurations. In similar way Maximum allowed UL TX Power should be defined for dual-band HSUPA in TS25.331, i.e. no changes would be needed to current definition which assumes TX power per UE.

Proposal 3: MOP should be defined per UE (bands configuration) for dual-band HSUPA, which limits impact on specifications and is aligned with LTE requirements.
Studies on LTE requirements leaded also to relaxation of lower value of MOP tolerance by 1dB which should be considered for dual-band HSUPA as well.
Proposal 4: Consider relaxation of lower value of MOP tolerance by 1dB for dual-band HSUPA.
2.3. Maximum power reduction (MPR) for secondary carrier (section 6.2)
According to WF [1], RAN4 has decided to define MPR per carrier. MPR for primary carrier is decided to be equal to the single carrier MPR requirement. For secondary carrier additional studies were foreseen. Taking into account that similar analysis has been already provided for LTE inter-band UL CA it seems to be reasonable to consider in first place values of additional power relaxation already evaluated for particular bands in LTE and listed in table 6.2.5-2 of TS36.101. This table includes values of TIB which is additional TX power tolerance for serving cell, allowed due to additional hardware required by UE for dual-band UL transmission. It can be assumed that similar relaxation would be appropriate also for dual-band HSUPA. Therefore, for both UL carriers of dual-band HSUPA it is proposed to define the same MPR equal to the single carrier MPR legacy requirement with additional relaxation equal to TIB defined by LTE studies.
Proposal 5: For both UL carriers of dual-band HSUPA define the same MPR equal to the single carrier MPR legacy requirement with additional relaxation equal to TIB defined in table 6.2.5-2 of TS36.101.
2.4. Inner loop power control (section 6.4.2), Relative code domain power accuracy (section 6.2.3) and Transmit Modulation (section 6.8) for imbalanced power of UL carriers
In case of Inner loop power control, Relative code domain power accuracy and Transmit Modulation requirements, WF [1] states that current DC-HSUPA requirements can apply for dual-band HSUPA if total transmit power in each of the assigned carriers is equal to each other. As balance between powers of both carriers, assigned in different bands, cannot be always assumed, the most reasonable solution seems to be applicability of single carrier requirements for each of UL carriers. In other words – in every case when DC-HSUPA requirements cannot be used due to limitation of balanced power, single carrier requirement can apply for each of UL carriers. In order to simplify definition of new requirements it is proposed to use single carrier requirements in all cases, even if balanced power can be assumed.
Proposal 6: Single carrier requirements of Inner loop power control, Relative code domain power accuracy and Transmit Modulation should apply for each of UL carriers of dual-band HSUPA. 
2.5. Occupied bandwidth (section 6.6.1)
Direct reusing of DC-HSUPA requirement of occupied bandwidth is not possible, as existing requirement assumes adjacent carriers assigned in the uplink. However, the general definition shall remain the same, i.e. occupied bandwidth is a measure of the bandwidth containing 99 % of the total integrated power of the transmitted spectrum. The simplest solution is to follow approach used for LTE inter-band UL CA where occupied bandwidth is defined per component carrier.

Proposal 7: Occupied bandwidth requirement for dual-band HSUPA should be defined per component carrier.  
2.6. Spurious emissions (section 6.6.3)
In WF [1] it has been agreed to add an extra table with spurious emission requirements to cover affected bands according to provided analysis. In case of lack of sufficient analysis or too big effort connected with such analysis, the same approach as in case of LTE inter-band UL CA can be used. For LTE, spurious emissions has been decided to be verified for a particular frequency range away from edges of the assigned channel bandwidth on a single component carrier. In addition, following clarification has been added (section 6.6.3.1A of TS36.101) to ensure right applicability of requirements:
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Following this approach for dual-band HSUPA, spurious emissions can be verified for each component carrier as in case of single carrier transmission, with additional clarification as provided for LTE and disclosed in frame above.
Proposal 8: In case of lack of sufficient analysis on spurious emissions or in order to speed up the work, dual-band HSUPA requirements of spurious emissions can follow LTE way of working and be defined for each component carrier with additional clarification on applicability.
2.7. Time alignment error (section 6.8.7)
During RAN4#74, decision on TAE requirement for dual-band HSUPA has not been made and further studies were assumed. Current requirement for DC-HSUPA allows time alignment error below 0.75Tc, which ensures alignment of signals transmitted for dual cells in the same band. Actual value of signals time misalignment depends on UE implementation, first of all level of separation of particular blocks responsible for each of signals (cells) in dual cell transmission, i.e. the more separated are generated signals (cells) at transmitter side, the higher time misalignment can be assumed between them. Taking into account that UE architecture for dual-band HSUPA assumes higher separation of generated signals (due to different bands) than for DC-HSUPA, it can be expected that time misalignment may be also higher. On the other hand, single antenna connector is assumed for dual-band HSUPA which is worth to be underlined, as separate antenna connectors additionally increase time misalignment between signals. 
Most recent analysis of TAE made for Rel-11 and Rel-12 WIs of HSUPA CLTD, OLTD and MIMO, which requires separate antenna connectors, shows that current UE implementations can fulfil TAE requirement of 0.4Tc. This suggests that similar requirement, i.e. 0.4Tc can be assumed also for Rel-13 dual-band HSUPA. If this value is not acceptable for dual-band HSUPA, no higher TAE than 0.75Tc (as for DC-HSUPA) should be allowed then.
Proposal 9: TAE requirement value no higher than 0.75Tc should be specified for Rel-13 dual-band HSUPA transmission.
Conclusion

This contribution continues discussion on impact of HSPA Dual-Band UL carrier aggregation work item on UE Tx core requirements of TS25.101. Based on provided analysis, following proposals have been made:
Proposal 1:  UE architectures capable of LTE inter-band UL CA should be used as baseline for dual-band HSUPA capable UEs.

Proposal 2: Do not downselect any of UE architectures proposed for dual-band HSUPA to allow implementation freedom. 

Proposal 3: MOP should be defined per UE (bands configuration) for dual-band HSUPA, which limits impact on specifications and is aligned with LTE requirements.
Proposal 4: Consider relaxation of lower value of MOP tolerance by 1dB for dual-band HSUPA.
Proposal 5: For both UL carriers of dual-band HSUPA define the same MPR equal to the single carrier MPR legacy requirement with additional relaxation equal to TIB defined in table 6.2.5-2 of TS36.101.
Proposal 6: Single carrier requirements of Inner loop power control, Relative code domain power accuracy and Transmit Modulation should apply for each of UL carriers of dual-band HSUPA. 

Proposal 7: Occupied bandwidth requirement for dual-band HSUPA should be defined per component carrier.  
Proposal 8: In case of lack of sufficient analysis on spurious emissions or in order to speed up the work, dual-band HSUPA requirements of spurious emissions can follow LTE way of working and be defined for each component carrier with additional clarification on applicability.
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If for some frequency a spurious emission requirement of individual component carrier overlaps with the spectrum emission mask or channel bandwidth of another component carrier then it does not apply.


NOTE:	For inter-band carrier aggregation with uplink assigned to two E-UTRA bands the requirements in Table 6.6.3.1-2 could be verified by measuring spurious emissions at the specific frequencies where second and third order intermodulation products generated by the two transmitted carriers can occur; in that case, the requirements for remaining applicable frequencies in Table 6.6.3.1-2 would be considered to be verified by the measurements verifying the one uplink inter-band CA spurious emission requirement.











