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1. Introduction

In the last few meeting we have left open the possibility of intraband UL Non-contiguous with non-co-located eNodeBs/RRHs. In this contribution we present issues for the UE that are not desirable and should be considered. Due to these issues we propose that UL noncontiguous should only be considered for co-located scenarios.
2. Discussion
Issues with Non-Contiguous IB UL

Devices just designed for intra-band NC CA behave different than devices which can do UL MIMO, as UL MIMO devices have two separate TX paths.

Let’s consider first the issue of non-UL MIMO devices.

1. First case with a UE that does not support uplink MIMO

a. For a general transceiver configuration this requires two TX lineups to be active simultaneously which translates into two distinct transceivers

b. The problem with this case is that for a particular band the two CCs need to be combined before the PA, this comes at a cost

i. Power combining loss when two CCs are used this is inefficient but workable as MPR is inevitable and the loss is in front of the PA
ii. Switch loss when one CC is required

iii. Intermodulation products between the two carriers in the same PA

c. One item that we think has not been explored well is the situation when a UE has to have different timing advance due to having UL communications to eNodeBs/RRHs in different locations. In particular when each eNodeB/RRH receives a separate CC simultaneously. In this case the power control becomes difficult:

i. As both transceivers get power feedback of the combined resulting signal, so the correct feedback for one transceiver requires cancellation of the signal of the other

ii. Also as the PA goes through switching points in case of switched PAs the transceivers may react separately to such changes causing separate compensations to appear at different times

iii. PA biasing is in current PAs continuously changed versus the output power, so that at each change of the output power the biasing is changed. Changing the output power on one carrier will therefore influence the other’s carrier power

d. Note that for efficiency of board space multi-band multi-mode PA (MMMB) modules are used that integrate power amplification functionality for multiple bands and technologies (2G/3G/LTE) in one module 

i. The problem is that the PA bias circuitry for any band is narrow band for reasons of stability and noise suppression 

ii. NC UL intraband transmission will force the PAs to have very wide band bias networks 

iii. This is different than the bandwidth of operation of the PA which can be made very wide (at a cost) and requires new R&D from the PA device suppliers
iv. This we believe is the reason why PA companies have shown such poor or odd performance of PAs with NC uplink transmission. Indeed if the bias network is not designed for wide band transmission very undesirable “memory” effects happen that make it very difficult to predict behaviour and thus to standardize results. 
2. If the UE supports uplink MIMO the situation on the surface the situation is better as two separate PAs are used and the power feedback is separate for both paths but three problems occur:

a. The synchronization requirements for MIMO are tight and it makes it difficult to support with separate transceivers
b. As the power outputs for both CCs may be quite different and there is coupling at the antennas that strongly limits the power control of the weaker signal and cancellation of the stronger signal is required
c. Since the antennas are coupled a part of the output power of one carrier leaks into the output of the other carrier’s output and can generate reverse intermodulation
The diagram below shows a MIMO topology. The receive RX1 and Rx2 signals may be received by one of the transceivers as the main and diversity signals. The two main differences with the non MIMO topology is that two PAs and two antennas are used as opposed to a single PA and antenna for the non-MIMO topology.
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3. Conclusion
We describe very difficult issues for UEs for non-co-located NC UL intraband scenarios where the CCs need to be transmitted UL to different eNodeBs/RRHs. Due to these issues we propose that UL non-contiguous should only be considered for co-located scenarios. 
