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Discussion
1. Introduction

A new work item was agreed in RAN #43 [1]. The work item continues the Dual-cell HSDPA operation, by extending the possibility to combine two adjacent carriers on UL. The WI set following targets for the dual-carrier HSUPA work item:
· The dual carrier transmission only applies to HSUPA UL physical channels and DPCCH
· The carriers belong to the same Node-B and are on adjacent carriers
· 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
In this contribution we discuss the possible modifications needed for UE and BS RF minimum requirements to accommodate the dual cell operation to UL.

2. Frequency bands and channel arrangement 
When dual cell operation was introduced to DL (DC-HSDPA) some changes were introduced to the Section 5. It would appear that additional changes need to introduce DC-HSUPA are rather limited and the changes applied due to introduction of DC-HSPA can be re-used. Naturally the impact of the dual carriers transmission with the given duplex spacing to the receiver sensitivity needs to be evaluated.
3. UE transmitter and receiver characteristics

In this section we take a tentative look on the possibly needed changes to minimum requirements and how the requirements should be modified. 

3.1 UE transmitter and receiver characteristics

In terms of needed requirement changes to introduce the DC-HSUPA operation the main reason to change the requirements is of course the wider transmission bandwidth and possibly independent transmission power on each carrier resulting a power imbalance. Furthermore due to aforementioned reason the changes are related mostly for the transmitter requirements.
Transmit power (6.2)
As dual cell operation is introduced to the UL some changes are evident for the transmitter power definition. Alternative the maximum transmitted power could still be determined per 5MHz carrier UE transmit with maximum power on both carriers. This does not however necessarily seem to meet the intention of total transmission power thus it would seem as better alternative would be to look the total aggregated power over the both carriers e.g. measuring the total transmission power over the full transmission bandwidth. Some power reduction may need to be considered for the total transmission power over the full transmission bandwidth. This will be related to other transmitter linearity requirements (ACLR) and some analysis is provided in [4].
There maybe some need to set new requirement which relates to the maximum possible difference of transmission power on the two UL carriers for example within which the relative code domain power accuracy requirements need to be fulfilled. Due to impairments in transmission chain, there may be some noise leakage from the other transmitted carrier.
The needed back-off e.g. MPR due to cubic metric would need to be determined in case of the DC-HSUPA operation. Also the definition of CM may need some revisions to account the operation with two carriers. Some analysis of the seen CM increase is provided in [5]. As the increase in CM appears to be highest in case when carries have equal power it would seem relevant to allow some relaxation also for this case. There maybe also some need to consider how the cases when carriers have unequal power are accounted in the requirement. 
The relative code domain accuracy might not need significant changes as it is seen only relevant per carrier (e.g. total power referred is per carrier). Of course the maximum allowed power difference between carriers may need to be accounted. 
Frequency Error (6.3)
Definition of the frequency error in case of dual cell operation in UL requires some consideration. It needs to be agreed whether the reference will be for example the primary DL carrier or whether the reference to each UL carrier will be the corresponding DL carrier. Naturally it would appear that the frequency error between adjacent carriers of collocated cells would be small.

Output power dynamics (6.4)
Power setting and control accuracy is relevant in principle a per carrier measure, thus the requirements could be seen as independent and unchanged. However as both signals are transmitted through same PA there may be some crosstalk especially in the case of the inner loop power control. With the assumption of single PA, some changes due to power level change in other carrier may result change (inaccuracy) also at the other carrier. Furthermore as already noted in context of transmit power requirement, there could be need to introduce some requirement limiting the maximum power difference between carriers. This is for further study.
In scope of the minimum output power requirement it would need to be agreed whether this needs to be met independently per carrier e.g. other carrier at independent power, or whether the requirement should be seen as joint requirement when both carriers are at minimum level. If the carriers are assumed to have fully independent or are allowed to have some limited power difference, impairments due to transmitter non-idealities can make it challenging to meet current minimum power requirement. 

Out of synchronization handling of output power is dependent on the decisions taken in RAN1. The current assumption seems to be that the RL quality/failure estimation will be performed per UL carrier. In terms of RAN4 requirement it needs to be discussed whether evaluation fully independent behaviour is feasible e.g. as noted earlier there maybe some leakage from the carriers to each other resulting that the off power on given carrier will not be as low as originally intended. 
Transmit ON/OFF power (6.5)
Similarly to discussion for minimum transmit power and time mask also the impact seen due to dual cell operation in UL depends to the assumption of the adjacent carrier. Due to the noise leakage the achievable OFF power level on the carrier maybe higher than the currently given limit (of -56dBm). Thus it would seem most reasonable to set this requirement by assuming that both carriers are turned off jointly.
The transmit time mask requirement would seem most relevant in context of DPCCH, and that no RACH transmission is foreseen necessary in DC-HSUPA operation e.g. UE needs to first obtain proper configuration prior going to DC-HSUPA mode. The exact structure of the requirement for DPCCH needs to be considered accounting the possible two independent power control loops. 

Transmitter power tolerances due to TFC selection and HS-DPCCH may need some checking as there are some differences on the possible channel allocations (namely HS-DPCCH and DPDCH) on different carriers. 
It would seem most natural to consider that compressed mode is applied jointly on both carriers and therefore the requirement would need to be changed to account that two carriers may be active. 
Output RF spectrum emissions (6.6)
Requirements in this section are most likely to need most changes due to introduction of DC-HSUPA. The issues are discussed in more detail in [4]. It is felt that for most parts there is rather good synergy with the requirements developed for LTE in 36.101
Obviously the definition of the occupied bandwidth will need to be updated to account the dual carrier transmission in UL e.g. the bandwidth definition should refer to 10MHz instead of 5MHz. 
For out of band emissions requirement the impact of transmitting with 2 times wider bandwidth has similar consequences as discussed in context of LTE. Spectrum emission mask requirements would need to be changed due to the 2 times wider transmission bandwidth by moving the considered frequency range further. Also the first adjacent carrier (outside the occupied bandwidth) ACLR requirements would need to be relaxed to limit the need for transmitter power reduction. This would be inline with the approach used for LTE. For spurious emissions, similar changes as for spectrum emission mask can be foreseen e.g. moving the requirement further away from UE transmitted carriers centre frequency At this point it is not seen necessary to change the additional spurious emissions are apart from the extending the delta to centre carrier frequency 
Transmit intermodulation (6.7)
As the transmission bandwidth is increased there would be some need to adjust the transmit intermodulation requirements. The frequency offset would need to be maintained, thus interferer would need to be moved further away from the transmission centre frequency e.g. offset doubled. 
Transmit modulation (6.8)

Main aspect to consider in case of EVM and RCDE is the possible power imbalance. In case of power difference between the carriers there maybe some unwanted noise leakage from one carrier to other, resulting a need for relaxing the modulation accuracy requirement. Alternatively, the possible maximum power difference for which these requirements need to be bet could be considered. This would be viable approach in the case where the maximum allowed difference between carriers would be limited.
Phase discontinuity requirements are set for DPCH, HS-DPCCH and lately to E-DCH transmission. As the possible discontinuities related to transmitter chain configurations and characteristics this would need to be considered for DC-HSUPA while UE transmits on both UL carriers. Depending on the selected approach and power profile the frequency and size of the phase shifts need to be considered
Possible additional requirements could be considered for the in-band emissions. As the likely assumption is that LO would be placed between the two UL carriers in case of DC-HSUPA the necessity to set some requirements similarly as was done for LTE can be considered for the LO leakage. However it is likely that channel filtering at the NodeB receiver will be able to suppress this signal, therefore the need of the requirement is to be considered. Additionally some requirement could be considered for the IQ Image frequencies, but these could be captured in other transmit modulation requirements.
Receiver characteristics (7.3 to 7.9)

It ahs been agreed that DC-HSUPA will be always operated with dual cell operation active also in DL. Therefore it is foreseen that requirements in Section 7 might not need lot of further work. It is however good to note that most of the requirements related to receiver characteristics assume that UE is transmitting a full power. When the requirements for DC-HSUPA are introduced it would be good to discuss which requirements need to be duplicated to account the wider transmission bandwidth and for which it would be sufficient to keep the existing ones. One clear requirement is of course the reference sensitivity, which may need some further consideration as noted in Section 2.  Naturally if some change is seen on the received sensitivity for certain bands it maybe necessary to account that impact also in some requirements.
4. Conclusions
In this contribution we have presented initial discussion and preliminary overview of possible areas for further work on existing RF requirements for UE. The main impact to existing RF requirements comes naturally from the wider transmission bandwidth. Furthermore the possible transmitted power imbalance at the carriers may lead some need for changing the requirements.
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