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1
Introduction

After RAN#65 plenary a new WI has been agreed [1] that aims at adding support for two uplink carriers, where the aforementioned carriers would be in two different bands (as opposed to two adjacent uplink carriers functionality for which is already defined in Rel-9). The WI description limits a number of band combinations where dual-band UL functionality should be supported and also specifies that the uplink carrier can be configured only in a band where the corresponding DL carrier exists. 

WI description lists UE core requirements which need analysis in the light of potential changes introduced by dual-band UL transmission. In this contribution we take a closer look on those requirements and point out what modifications may be needed due to introduction of new functionality.
2
Dual-Band UL impact on UE core requirements
In general, it can be assumed that either new requirements would need to be defined or existing requirements for single carrier UL transmission or for DC-HSUPA transmission would apply for supported bands of dual-band UL. Below is presented list of existing UE core requirements from TS25.101 with initial proposals how those requirements can apply for UE supporting dual-band UL transmission. 

5.2. Frequency bands configurations for dual-band UL transmission can be defined according to proposal from [2].
6.1. General description for transmitter characteristics should clarify what requirements apply for UE supporting dual-band UL. It should at least include information that one UL carrier is configured on each UL band. Other clarifications should be added according to applicability of requirements which will be defined.
Following are additional requirements which dual-band UL capable UE should support in addition to minimum requirements.

6.2 UE Maximum output power should to be defined for dual-band UL.  In case of DC-HSUPA, the nominal transmit power is defined by the sum of the broadband transmit power of each carrier in the UE. Since a separate PA per band is assumed for dual-band UL it is possible to define maximum output power:

· per band, which means that power of carrier in each band will be defined separately in a way that total broadband transmit power of UE does not exceed values defined for single carrier transmission
· per band combination, which means that sum of the broadband transmit power of each carrier will be defined for particular band combination and does not exceed values defined for single carrier transmission.
It is also possible to define this requirement in similar way as for DC-HSUPA, i.e. only by mentioning in section 6.2.1 that requirement is defined by the sum of the broadband transmit power of carriers in applicable bands. However, due to additional hardware, UE would probably be allowed to have relaxation to maximum output power. This relaxation is subject of further discussion and depends on band combination. Do avoid extended study on this issue, outcome from discussion on E-UTRA inter-band UL carrier aggregation should be considered in a first place.
6.3 In case of Frequency Error, requirements from section 6.3A for DC-HSUPA can be considered to be directly re-used for dual-band UL. The same rules as of each carrier of DC-HSUPA should apply to each band carrier of dual-band UL.

6.4.1 In case of Open loop power control, requirements from section 6.4.1.1A for DC-HSUPA can be directly re-used for dual-band UL. The same rules as of each carrier of DC-HSUPA should apply to each band carrier of dual-band UL.
6.4.2 In case of Inner loop power control in the uplink, requirements from section 6.4.2.1.1A for DC-HSUPA can be considered to be directly re-used for dual-band UL. The same rules as of each carrier of DC-HSUPA should apply to each band carrier of dual-band UL.

6.4.3 In case of Minimum output power, requirements from section 6.4.3.1A for DC-HSUPA can be directly re-used for dual-band UL. The same rules as of each carrier of DC-HSUPA should apply to each band carrier of dual-band UL.

6.4.4 In case of Out-of-synchronization handling of output power, minimum requirements from section 6.4.4.1 should apply to each band carrier of dual-band UL.
6.5.1 In case of Transmit OFF power, requirements from section 6.5.1.1A for DC-HSUPA can be directly re-used for dual-band UL. The same rules as of each carrier of DC-HSUPA should apply to each band carrier of dual-band UL.

6.5.2 In case of Transmit ON/OFF Time mask, minimum requirements from section 6.5.2.1 should apply to each band carrier of dual-band UL.
6.5.3 In case of Change of TFC, minimum requirements from section 6.5.3.1 should apply to each band carrier of dual-band UL.

6.5.4 In case of Power setting in uplink compressed mode, minimum requirements from section 6.5.4.1 should apply to each band carrier of dual-band UL.

6.5.5 In case of HS-DPCCH, minimum requirements from section 6.5.5.1 should apply to each band carrier of dual-band UL.
6.6.1In case of Occupied bandwidth, direct reusing of DC-HSUPA requirements 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.
6.6.2.1 In case of Spectrum emission mask, minimum requirements from section 6.6.2.1.1 should apply to each band carrier of dual-band UL. Some additional clarifications may be needed in terms of SEM requirements applicability for dual band transmission, as it has been done in case of E-UTRA inter-band UL carrier aggregation. 
6.6.2.2 In case of Adjacent Channel Leakage power Ratio (ACLR), minimum requirements from section 6.6.2.2.1 should apply to each band carrier of dual-band UL.

6.6.3 In case of Spurious emissions, minimum requirements from section 6.6.3.1 should apply to each band carrier of dual-band UL.

6.7 In case of Transmit intermodulation, minimum requirements from section 6.7.1 should apply to each band carrier of dual-band UL.

6.8.1 In case of Transmit pulse shape filter, minimum requirements from section 6.8.1 should apply to each band carrier of dual-band UL.

6.8.2 In case of Error Vector Magnitude, minimum requirements from section 6.8.2.1 should apply to each band carrier of dual-band UL.

6.8.3 In case of Peak code domain error, minimum requirements from section 6.8.3.1 should apply to each band carrier of dual-band UL.

6.8.3a In case of Relative Code Domain Error, minimum requirements from section 6.8.3.1 should apply to each band carrier of dual-band UL.

6.8.4 In case of Phase discontinuity for uplink DPCH, minimum requirements from section 6.8.4.1 should apply to each band carrier of dual-band UL.

6.8.5 In case of Phase discontinuity for HS-DPCCH, minimum requirements from section 6.8.5.1 should apply to each band carrier of dual-band UL.

6.8.6 In case of Phase discontinuity for E-DCH, minimum requirements from section 6.8.6.1 should apply to each band carrier of dual-band UL.
6.8.7 In case of Time alignment error, new requirement would need to be defined to specify maximum allowed time difference between carriers from different bands. Value of this time difference may be higher than in case of DC-HSUPA (¾ Tc).
7.1 General description of receiver characteristics should clarify what requirements apply for UE supporting dual-band UL.
In case of REFSENS requirements, for some band combinations dual-band UL transmission may cause intermodulation distortion for own received channel. Due to that, some maximum sensitivity degradation may need to be defined as in case of E-UTRA inter-band UL carrier aggregation.
In case of Blocking requirements, Narrow band blocking requirements and Intermodulation characteristics, existing specification includes requirements for DC-HSUPA as well as DL multicarrier requirements defined for dual uplink operation. It needs to be analysed how dual-band UL transmission impacts these requirements.
Other UE receiver requirements do not seem to be impacted by dual-band UL operation.

3
Conclusion

In this discussion paper we presented our initial considerations regarding impact of dual-band UL operation on UE core requirements.
References

[1] RP-142237, “HSPA Dual-Band UL carrier aggregation”

[2] R4-150602, Initial considerations for the HSPA multi-carrier dual-band DL/UL configurations, Nokia Networks
