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1 Introduction
In RAN4 #69 meeting, the performance requirements for the intra-band non-contiguous CA were discussed [1 - 8] where main topics are as below. 

· Deployment scenarios

· Power imbalance between two CCs

· Timing offset between two CCs

In this contribution, we discuss received power imbalance and timing offset between two CCs for demodulation test in Intra-band non-contiguous non-co-located CA.
2 Discussion

Remaining issues for demodulation test for Intra-band non-contiguous CA for non-co-located are Received power imbalance and Timing offset between two CCs. Thus, we think that RAN4 should discuss and evaluate the following aspects of them on UE performance.

· Received power imbalance

(i) Impact of the maximum received power difference between two CCs on UE performance

· Timing offset

(ii)  Frequency of the fluctuations of total received power and its power difference for each fluctuation

(iii) Impact of the received timing difference between two CCs on UE performance

Firstly, the discussion point of (i) is the clarification of the maximum received power difference which UE should cope with. Secondly, the discussion point (ii) is the evaluation of performance degradation due to the fluctuation of received power within allowed maximum received power difference. Although the outcome of (i) is highly associated with (ii), the result of (ii) itself is related with LNA gain switching criteria and its frequency. Thus, it would be effective to handle (ii) and (iii) simultaneously.

Observation 1: RAN4 should separately specify test requirements to ensure the impact of Received power imbalance and Timing offset on UE performance.
In this contribution, firstly we discuss a band agnostic or specific manner in demodulation test listed above. Next, we discuss the impact of Received power imbalance on UE performance, and finally we discuss the impact of Timing offset on UE performance.
2.1 Band agnostic or specific manner in demodulation test
The maximum allowed received power imbalance between two CCs depends on CA configurations. In addition, these are highly related with an operation scenario. Note that, the operation scenario means that CA configurations, its channel bandwidth of CCs and the gap between CCs. Therefore, the maximum allowed received power imbalance between two CCs is generally handled in band and operation scenario specific manner. On the other hands, for demodulation tests, RAN4 generally handle them in a CA configuration and operation scenario agnostic manner. If RAN4 follow the manners, we need to determine the performance requirement based on the most stringent band and operation scenario. From operator point of view, it is preferable that RAN4 deal with test cases for demodulation test in the CA configuration and operation scenario agnostic manner. If it is challenging to choose it, dealing with test cases for demodulation test based on proposed operation scenarios would be one of the agreeable alternatives.

Observation 2: if RAN4 can choose the performance requirement in a CA configuration and operation scenario agnostic manner, RAN4 needs to deal with test cases for demodulation test based on the most stringent band and operation scenario,.

Observation 3: If it is challenging to choose the above, dealing with test cases for demodulation test based on proposed operation scenarios would be one of the agreeable alternatives.

2.2 Impact of Received power imbalance on UE performance
In this section, we share the maximum received power difference between two CCs in two specific potential intra band non-contiguous CA for non-co-located scenario. In figure 1, the horizontal line represents the position of the centre of Small cell and the vertical one represents the maximum received power difference between two CCs. Note that the position of the centre of Macro cell is x = 0. We derive the maximum received power difference between two CCs by the parameters captured in [9, 10]. Note that the technical details are summarized in the Annex of this contribution.

Figure 1: the maximum received power difference between two CCs in the potential deployment scenario
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In figure 1 green lines represents that the received power of Small cell is about -25 dBm/5MHz when the difference of received power between CCs is maximized in most cases. Although the received power of small cell can be lower by variable factors which are not considered in this evaluation, one of the most important things we need to point out is that it is most likely for the received power of Small cell to be the highest i.e., maximum input level, when the difference of received power between CCs is maximized. RAN4, therefore, should ensure the performance where the total received power is higher and the received power difference between two CCs is large. In addition, RAN4 also should ensure the performance of not only QPSK but also 64QAM because SINR for Small cell would be high.

Proposal 1: RAN4 should ensure the performance where the received power is high and the received power difference between two CCs is large.

Proposal 2: RAN4 should ensure the performance of not only QPSK but also 64QAM.

2.3 Impact of Timing offset on UE performance
As previously stated, these relate to UE performance degradation caused by LNA gain switching. Although it is better to determine the common LNA gain switching model to assess the validity of the simulation results, it is a challenging work because LNA gain switching logic definitely depends on the implementation and it’s difficult to disclose it. In order to proceed with the discussion, we believe that how to handle this parameter should be left to each vendor and should focus on fixing evaluation parameters associated with the LNA gain switching other than LNA gain switching model.

Proposal 3: We should determine the evaluation parameters associated with the LNA gain switching other than LNA gain switching model.

We describe specific evaluation parameters associated with the LNA gain switching as below.

· Timing aspect

· Order of received signals

· Values of received timing difference

· Received power aspect

· How to model fluctuating received power level

· Frequency of fluctuation

Order of received signals

In a case where a packet from Scell is received before another packet from Pcell, the front symbols of the packet from Scell would not be able to obtain appropriate LNA gain. Since the front symbols include the control channel, e.g. PCFICH, PHICH, and PDCCH, the degradation of the front symbols would impact on the whole packet. On the other hand, in another case where a packet from Scell is received after another packet from Pcell, almost the whole packet from Scell would not be able to obtain appropriate LNA gain as well. It, therefore, is preferable to evaluate the impacts of the both cases. Note that, there is a high probability that a packet from Scell is received before another packet from Pcell where macro cell is Pcell and small cell is Scell and that a packet from Scell is received after another packet from Pcell where small cell is Pcell and macro cell is Scell due to the cell radius difference between macro and small cell.

Proposal 4: RAN4 should evaluate the impacts of the both cases where a packet from Scell is received before/after another packet from Pcell.

Values of received timing difference

We should use the various values of received timing difference between 0 us to 30 us.

Proposal 5: RAN4 should use 0 us, 5 us, 10 us, 15 us, 20 us, 25 us, and 30 us as the received timing difference.

How to model fluctuating received power level

Our understanding is that to model fluctuating received power level, we need to identify the values of received power fluctuation to be maximum. The case where the received power fluctuation is maximized is the followings.

· The received power difference between two CCs is at maximum.

· The larger received power is minimized and gets back to the original level.
The above fluctuation can be considered as ON/OFF model that the signal of the larger received power from eNB is transmitted or not.
Proposal 6: RAN4 should use ON/OFF model that the signal of the larger received power from eNB is transmitted or not.
Frequency of fluctuation

We should consider the various values of frequency of fluctuation of received power.
3 Conclusions

In this contribution, we discuss received power imbalance and timing offset between two CCs for demodulation test in Intra-band non-contiguous non-co-located CA. Our proposals and observations are summarized as below;
Observation 1: RAN4 should separately specify test requirements to ensure the impact of Received power imbalance and Timing offset on UE performance.
Observation 2: if RAN4 can choose the performance requirement in a CA configuration and operation scenario agnostic manner, RAN4 needs to deal with test cases for demodulation test based on the most stringent band and operation scenario,.

Observation 3: If it is challenging to choose the above, dealing with test cases for demodulation test based on proposed operation scenarios would be one of the agreeable alternatives.

Proposal 1: RAN4 should ensure the performance where the received power is high and the received power difference between two CCs is large.

Proposal 2: RAN4 should ensure the performance of not only QPSK but also 64QAM.

Proposal 3: We should determine the evaluation parameters associated with the LNA gain switching other than LNA gain switching model.

Proposal 4: RAN4 should evaluate the impacts of the both cases where a packet from Scell is received before/after another packet from Pcell.

Proposal 5: RAN4 should use 0 us, 5 us, 10 us, 15 us, 20 us, 25 us, and 30 us as the received timing difference.

Proposal 6: RAN4 should use ON/OFF model that the signal of the larger received power from eNB is transmitted or not.
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Annex. A Pathloss model and associated parameters
The associated parameters are summarized in Table A-1 and A-2. These parameters captured in [9,10]. 
Table A-1: parameters for macro cell

	Parameter
	Assumption

	BS Antenna pattern (horizontal)
	
[image: image2.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

H

A

A

,

12

min

2

3

j

j

j



[image: image3.wmf]dB

3

j

 = 70 degrees,  Am = 25 dB 

	BS Antenna pattern (vertical)
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	BS Combining method in 3D antenna pattern
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	BS antenna gain plus cable loss
	14 dBi

	Total BS TX power (Ptotal)
	43dBm / 5MHz

	Pathloss model
	Urban Macro (UMa) LOS and NLOS


Table A-2: parameters for small cell

	Parameter
	Assumption

	BS Antenna pattern
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 dB (omnidirectional)

	Antenna gain + connector loss
	5 dBi

	Total BS TX power (Ptotal)
	30dBm / 10MHz

	Pathloss model
	Urban Micro (UMi) LOS
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