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1 Introduction
In the recent meetings, the received power imbalance for the 2 CCs of intra-band non-contiguous CA was discussed. The problem was raised for the reason that the LNA is shared by the 2 CCs in the reference architecture for intra-band NC CA UE. If the LNA gain is not the same for the 2 CCs due to the power imbalance, it seems there will be some problem for this architecture [1] [7]. Therefore, it was agreed in the last meeting to study the power imbalance further in RF section by the end of 2013.
This contribution discusses some related issues to this topic such as the deployment scenarios, the possible power imbalance and the according UE RF considerations.

2 Discussion
2.1 The deployment scenarios for high power imbalance
The potential deployment scenarios for CA are provided in [2] as Figure 1, 
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Figure 1: CA deployment scenarios copied from [2]

Although in [2] only scenario 1 assumes F1 and F2 are in the same band, the other scenarios assume F1 is low frequency and F2 is high frequency, in the real deployment some operators may want to use any of the scenarios for intra-band NC CA. And if there’s assumption that UE can work in the aggregated operation in the anywhere of the coverage, then the UE received power level for the CCs may be very large when UEs are located at one CC’s cell edge and at the same time is close to the other CC’s base station, such as UEs are in the holes in scenario 2&3 and are close to base stations or UEs are in the RRH’s coverage in scenario 4&5 and are close to RRHs. But it’s unclear that in which scenario, high received power imbalance happens, and is it possible that NC CA will be deployed using all of the scenarios in figure 1? 
Observation 1: It is better that operators can clarify if the scenario 2-5 in [2] are all possible for intra-band NC CA deployment, and it should be discussed in which scenario, high received power imbalance happens.
2.2 The possible received power imbalance level
So if we firstly put aside the operators’ deployment plan for intra-band NC CA, the worst power imbalance level may be considered as one CC has the maximum input level and the other CC has the minimum input level. Then the worst scenario is one CC has maximum input level of -25 dBm and at the same time has ACS interference level of -25 dBm, and the other CC has the minimum input level. The minimum is -104.7 dBm for 1.4MHz BW in the table Table 7.3.1-1 of TS 36.101[3], so the following table can be derived for the possible input of the analysis.
Table 1: Possible maximum received power imbalance

	
	Input level (dBm)
	Note

	CC0
	-22
	The input includes -25 dBm signal and -25 dBm ACS interference

	CC1
	-104.7
	REFSENS of 1.4MHz BW


But if we look carefully about the above assumption for the power imbalance, it seems very similar when the power imbalance was discussed for intra-band contiguous CA. Although in that time, the image is the main considered problem for contiguous CA, and in the LS [5] it was concluded as following,
RAN2 assumes that in all CA deployment scenarios the network is supposed to keep sufficiently low power imbalance between adjacent component carriers by utilizing efficient RRM strategies, for instance by keeping the PCell as the strongest cell and/or releasing any too weak or strong SCells (causing too big power imbalance). Thus power imbalance problem should not be related to activation/deactivation of Scells.

Then for intra-band NC CA, the question is that is there any difference for the RRM strategies with intra-band contiguous CA? If they are the same, the power imbalance for NC CA should also be kept sufficiently low.
Observation 2: If the RRM strategies are not different for intra-band contiguous and non-contiguous CA, it seems the power imbalance between the CCs for intra-band non-contiguous CA can also be kept sufficiently low.
Another issue should be considered is that whether UE will be activated to CA operation in any received power imbalance or if it’s a good choice for UE in the high received power imbalance scenario. When one CC’s received power is very low, the modulation scheme, TBS size, code rate and etc. will be not so efficient if considering the spectrum efficiency, then maybe this CC is better to be released to other UEs to reach higher throughput to use the spectrum more valuably.
Observation 3: If the received power imbalance for the two CCs is very high, the spectrum efficiency for the low power CC will be very low. It should be discussed if it’s a good choice to activate CA mode for the UE in that scenario.
2.3 UE RF aspects for power imbalance
The reference receiver architecture for intra-band NC CA UE in Figure 2 is copied from [6], in that architecture the receiver chain is divided to two separate chains because the power difference between the CCs may be high, in the TR it is assumed to be 33 dB considering the ACS level. When the UE is designed to use this architecture, it can work in CA mode and can work in the non-aggregated operation as well. Then if we consider the non-aggregated operation receiver RF requirements, such as ACS, in-band blocking, narrow-band blocking, the hardware design consideration for the separate chain will be the same with Rel-8 UE. In the CA mode, the stronger CC can be looked as blocking or ACS interference to the weaker CC in the seperate chain, so if we want to reuse the hardware design or the components for Rel-8 UE, the power difference of the 2 CCs will be restricted to the ACS and blocking performance for the Rel-8 UE. If we want to make the power difference larger, the performance requirements for the separate chain will be stringent, many components may need to be redesigned, it should be discussed whether it will burden UE design too heavy.
Observation 4: Each chain in the intra-band NC CA UE is assumed can work in non-aggregated mode, so the power difference of the 2CCs will be restricted to the ACS and blocking performance for the Rel-8 UE if we want to reuse the components for non-aggregated UE.
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Figure 2: Reference Receiver Architecture for intra-band NC CA copied from [6]

3 Conclusion
This contribution analyzes some issues related to the UE received power imbalance of the intra-band NC CA, and provides the following observations.
Observation 1: It is better that operators can clarify if the scenario 2-5 in [2] are all possible for intra-band NC CA deployment, and it should be discussed in which scenario, high received power imbalance happens.
Observation 2: If the RRM strategies are not different for intra-band contiguous and non-contiguous CA, it seems the power imbalance between the CCs for intra-band non-contiguous CA can also be kept sufficiently low.

Observation 3: If the received power imbalance for the two CCs is very high, the spectrum efficiency for the low power CC will be very low. It should be discussed if it’s a good choice to activate CA mode for the UE in that scenario.
Observation 4: Each chain in the intra-band NC CA UE is assumed can work in non-aggregated mode, so the power difference of the 2CCs will be restricted to the ACS and blocking performance for the Rel-8 UE if we want to reuse the components for non-aggregated UE.
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