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1. Introduction
In RAN#43, the work item on combination of DC-HSUPA was approved [3]. The work item should fulfill the following objectives:
· Specify Dual Cell HSUPA operation for the following scenarios:

a. The dual carrier transmission only applies to HSUPA UL physical channels and DPCCH.

b. The carriers belong to the same Node-B and are on adjacent carriers

c. Operation with at least 2 carriers configured simultaneously in downlink. In this case the duplex distance between uplink carrier n and downlink carrier n will respect single carrier rules.

· Introduce a Stage 2 level definition of the Dual Cell HSUPA to TS25.319

· Introduce the functionality for the relevant specifications of

a. UL and DL control channel structure.

b. L2/L3 protocols and procedures

c. UTRAN network interfaces

d. UE RF and performance requirements
e. BS RF and performance requirements 
f. RRM requirements

This contribution discusses the expected impact on RAN4 specifications in [6]. 
2. Status of RAN WG1 specification work
The meeting minutes in [4], briefly summarizes the decisions that have been agreed as working assumptions for the work-item. 

3. Name for the feature in specifications.
For Rel. 8, DC-HSDPA was introduced into TS 25.101[6] by adding several chapters containing additional requirements for DC-HSDPA. For Rel. 9 three additional multi carrier features will be added[1][2][3]. In [5], it is proposed to label requirements related to DC-HSDPA operation in different bands “DB-DC-HSDPA”. For the work-item on dual cell in the uplink it is proposed to use the abbreviation “DC-HSUPA” throughout the specification. 
4. Impact on frequency bands and channel arrangement section
4.1. TX-RX separation

As discussed in [3], the duplex distance between uplink carrier n and downlink carrier n should respect single carrier rules. Hence there might be a need to reflect this in the appropriate section.

4.2. Channel spacing

In case the rule mentioned in section 4.1 is applied, the resulting channel spacing in the uplink will be according to the actual channel spacing in the downlink, including the allowed frequency error (see also section 6.3 in [7]). Whether or not this needs to be reflected in the specification is for further discussion.
5. Impact on transmitter requirements

This section will discuss required changes and open issues for transmitter requirements. An important aspect that will affect several of the transmitter requirements is the expected difference in power between the two carriers. One possibility for handling the dependency between power difference and requirement levels would be to agree on a maximum power difference for which requirements would be valid. If such an approach would be adopted, further discussion and feedback from RAN WG1 would be needed in order to conclude on the particular power difference that strikes a reasonable trade-off between system performance and UE implementation complexity.
5.1. UE maximum output power
For the case of dual UL cells, it is proposed to define the UE maximum output power as the sum of the power contained in each of the carriers. The power measurement definition for each carrier could remain unchanged, i.e power in a bandwidth of at least (1+α) times the chip rate of the radio access mode.  

The allowed maximum power reduction (MPR) will need further consideration from RAN4. The current rule for MPR is based on cubic metric calculation for a single carrier. Whether this rule could be extended to dual carrier or replaced by some other criteria is for further discussion. 

5.2. UE relative code domain power accuracy

Further study is needed for the case of power difference between carriers, specifically, the impact of finite image rejection and spectral regrowth will imply that the accuracy on the weaker carrier might need to be relaxed compared to the single carrier requirements. Also for the case of equal power on the two carriers, further study is needed to conclude on whether or not the requirements for UE relative code domain power accuracy could be made applicable for each UL carrier individually.
5.3. Frequency error

Similarly to the note in section 4.2, there would be a need to clarify the definition of UE UL frequency for the case of DC-HSUPA with respect to the nominal TX-RX separation. In case the rule mentioned in section 4.1 is applied, the frequency error on each of the UL carrier should be defined to be relative to its corresponding DL carrier.
5.4. Power control

In the area of power control, the status in RAN1[4] has been provided below for the convenience of the reader:

----------------
Power control

There will be two independent uplink power control loops with two independent TPC streams transmitted in downlink.

It is FFS how to set the initial power level of the secondary carrier (e.g. whether it is somehow based on the power level of the primary carrier) and how the power is ramped.

Power scaling method is FFS.
----------------
5.4.1 Open loop power control

Pending decisions in RAN1, regarding how the initial power level of the secondary carrier is to be set and ramped, it is for further discussion whether or not it would be necessary to derive specific open loop power control accuracy requirements for the secondary carrier. 

For the case of power control accuracy in discontinuous transmission on the secondary carrier, while transmitting continuously  on the primary carrier, requirements could be derived for power control accuracy for the secondary carrier at the startup after a transmission gap. In case such a requirement would be judged needed from RAN4, it would remain to be decided whether the accuracy requirement would be relative to the last transmission on the secondary carrier, or relative to the continuous transmission on the primary carrier.
5.4.2 Inner loop power control 
As the RAN1 working assumption is to have independent inner loop power control loops for the two 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 5, the maximum expected power difference for which the requirements would be valid is for further study.
5.4.3 Minimum output power

It seems reasonable to assume that the requirements for minimum output power can be applicable for each carrier individually.

5.4.4 Out of synch handling of output power
In the area of synchronization procedures, the status in RAN1[4] has been provided below for the convenience of the reader:

------

Sync procedure – relation to AS definition

It is FFS whether the secondary carrier can be enabled at the same time as the primary carrier when entering CELL_DCH, or whether the primary carrier has to achieve synchronization before the secondary carrier can be enabled.

We assume that the RL failure/restore is performed per uplink carrier.

It is FFS whether there are one or two downlink sync primitives (dependent on whether F-DPCH is transmitted on one or both carriers).
------

Since the criteria for a carrier going out of synch is the UEs ability to receive UL TPC commands transmitted either on its associated DPCH or on F-DPCH, the need for changes to existing requirements are pending RAN1 decision on whether the TPC commands for the two carriers will be aggregated on one of the carriers or not. If the TPC stream for a certain carrier is transmitted on its corresponding downlink carrier independently, it would seem possible to extend existing requirements by making them applicable for each carrier individually.
5.4.5 Transmit on/off power

Due to spectral regrowth and finite image rejection, care must be taken when defining the transmit off power for the case of independent activation and deactivation of the two carriers. One option would be for the transmit off power requirement to be applicable only for the case of simultaneous deactivation of both carriers. Another option would be to define specific requirements for the case when one of the carriers is transmitting continuously while the other carrier is deactivated. If the second option is selected it is proposed the group conducts careful analysis in order to align the requirements with the related LTE requirement on in-band emissions.
5.4.6 Change of TFC

It should be noted that it is for further study in RAN2 whether or not it will be possible to configure DCH in DC-HSUPA mode. In case the conclusion is to allow for the possibility to configure DCH, it would seem possible to extend existing requirements by making them applicable to the carrier(s) on which DCH would be configured.
5.4.7 Compressed mode

As the RAN1 working assumption[4], is that compressed mode is applied simultaneously to both carriers, it would seem possible to extend existing requirements by making them applicable for each carrier individually.

5.4.8 HS-DPCCH

It should be noted that it is for further study in RAN1 whether or not it will be possible to configure HS-DPCCH on both carriers. Regardless of the conclusion, it would seem possible to extend existing requirements by making them applicable for each carrier individually.
5.5. Output RF spectrum emissions
5.5.1 Occupied bandwidth

The requirement for occupied bandwidth needs to allow for 10 MHz occupied bandwidth for the case of DC-HSUPA.
5.5.2 Spectrum mask
As the transmitted bandwidth is increased, the existing spectrum emission mask needs to be modified. As a spectrum mask for 10 MHz operation already exists for LTE, it would seem feasible to re-use this also for DC-HSUPA.
Further study is needed to conclude on the MPR levels for different scenarios (see also section 5.1).

5.5.3 ACLR

The definition of ACLR needs further study due to the addition of a secondary carrier. One possible approach would be to define ACLR as the ratio of total in-band power in both transmitted carriers, over the power of the unwanted emissions in the adjacent carrier. If this alternative is chosen as the way forward, it would be possible to re-use existing requirement numbers for ACLR. It would also mean that the ACLR1 requirement would be consistent with the ACLR1 requirement for LTE terminals. Alignment between LTE and DC-HSUPA requirements could also be further extended by re-using the LTE requirements for ACLR2.
Further study is needed to conclude on the MPR levels for different scenarios (see also section 5.1). 
5.5.4 Spurious emissions

Further discussion is needed regarding whether or not the single carrier requirements could be applied also for the case of dual carriers.
5.5.5 EVM and relative code domain error

Further study is needed for the case of power difference between carriers, specifically, the impact of finite image rejection and spectral regrowth will imply that the EVM requirements on the weaker carrier might need to be relaxed compared to the single carrier requirements.

5.5.6 Phase discontinuity

It is foreseen that requirements for phase discontinuity should be possible to apply to each of the carriers individually.
6. Impact on RX RF requirements

As was discussed in [8], the impact of an effective decrease of the TX-RX separation might necessitate some relaxation in terms of reference sensitivity for certain bands. Further study is needed to pin-point particular bands and appropriate relaxations.
7. Impact on demodulation requirements

We foresee no impact on demodulation requirements.
8. Impact on CQI requirements

We foresee no impact on CQI requirements

9. Considerations on activation and deactivation

It is for further discussion whether it needs to be clarified in specifications which requirements apply as the secondary carrier is activated or deactivated. It seems reasonable from a system robustness perspective to assume that operation with the secondary carrier deactivated implies that all single carrier requirements apply. 
10. Conclusion

An overview of affected UE requirements due to the introduction of DC-HSUPA has been presented. 
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