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1 Introduction
In previous RAN4 meeting the UE performance for intra-band non-contiguous CA were discussed [1~2]. The discussions focused on with the default receiver structure using one shared LNA for 2 NC CCs how much the UE performance would be impacted when a rather large timing difference around 30us exists between 2 NC CCs. In this contribution we further analysize the difficulties and suggest how to finalize the performance test with non-collocation deployment.
2 Discussion
The core requirements have been defined by assuming the UE is equipped with dual receiver chain but a shared LNA. The assumption is, with two separated receivers for each CC coupled with separated FFTs, the gain change is adjusted separately by the AGC on each CC. 
But when CA deployment scenario 4 is considered with Marco+RRH enodeBs taken as non-collocation deployment, the futher distance between enodeBs the more timing offset can be expected. In order to cover the worst case we can assume to have a maximum timing offset between CCs as 30.26us brought from [4]. And futher if we assume the shared LNA gain switching is based on the timing of the PCC then we can take the PCC is not affected.  But the SCC would experience some distortion if on certain subframe the LNA gain is changed with a timing delay much bigger than CP length if we take 30.26us as above.
The key factors contributed to the UE performance are

1. How often the LNA gain is switching.

2. How big timing offsets are between 2 CCs.

On one hand, if only the LNA gain is switching but there is no timing difference between PCC and SCC, the AGC from each CC can adjust the gain at the subframe boarder simultaneously then no performance loss is forseen. On the other hand, if there is significant timing difference between CCs but without LNA gain switching, no performance loss is expected either. So when there is only one of the factors exists, depending on the implemetation theUE performance can be kept. 

And how the LNA gain switchs it’s one hand down to the RF implementation but on the other hand also depends a lot on the scenarios. There are factors listed below can trigger the LNA gain switching
· Higher Doppler
· Fading propagation channel
· The receiver power is changing in time
So what we can do for performance test is to take reasonable deployment scenario with such factors mentioned above with a proper power imbalance level between CCs to reflect the geographically non-collocated scenario. And the deployment scenarios should base on the operators inputs.
A contribution with general proposals on how to finalize the UE performance tests for intra-band non-contiguous CA is provided in [5] where it’s suggested that to identify maximum allowed power imbalance from RF core requirement as input to UE performance tests. Furthermore it was proposed in [6] as the maximum power imbalance between CCs for non-collocation deployment as shown in Table 1.

Table 1 Proposed maximum power imbalance and corresponsing received power level on each CC

	Supported modulation mode on low power Marco cell CC
	QPSK (Preferred)
	64QAM

	Maximum allowed power difference
	47dB
	28dB
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	-91dBm = -115.8dBm/15kHz
	-72dBm = -96.8dBm/15kHz


As a starting point, the current power imbalance tests for intra-band contiguous CA can be refered where the purpose of the test is to guarantee the UE RF image rejection capability. For intra-band non-contiguous CA instead the purpose of the test is to verify if the UE RF can handle such scenarios when the LNA switchs on certain subframes and if both CC can achieve certain amount of maximum throughput or especially on the low power CC. 

A proposed test scenario is listed below in Table 2~4 as 20MHz+5MHz performance test where 20MHz CC is taken as high power CC + PCell and 5MHz is taken as low power CC + SCell. In order to check the performance impact of the timing offset from SCC assuming the PCC timing is taken as the gain switching baseline the throughput will be checked on SCC instead of PCC. Also a negative timing means to have SCC timing earlier than PCC in Table 1, vice versa for the positive timing. 
When we have the proposed receiver power as fixed in time we get the throughput curves in Figure 1 with different timing offsets as listed in Table 2. The timing difference is 0, +4.6us, +30.26us in Figure 1. The other scenarios are refered to Table 2~4 with EVA70 and 64QAM.
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Figure 1 TP curves with 64QAM on SCC with fixed power input level on both CCs and timing offsets

· Carrier aggregation with power imbalance for intra-band non-contiguous CA
The requirements in this section verify the ability of an intraband non-contiguous carrier aggregation UE to demodulate the signal transmitted by the SCell in the presence of a stronger PCell signal on an intraband non-contiguous frequency. Throughput is measured on the SCell only.

· Minimum Requirement

The requirements are specified in Table 2, with the addition of the parameters in Table 1 and the downlink physical channel setup according to Annex C.3.2 from [4]. 

Table 2: Test Parameters

	Parameter
	Unit
	Test 1
	Test 2

	Downlink power allocation
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	dB
	[0]
	[0]
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	dB
	[0 (Note 1)]
	[0 (Note 1)]

	
	(
	dB
	[0]
	[0]

	Maximum 
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	Maximum 
[image: image7.wmf]SCell

s

E

_

ˆ

at antenna port of Scell
	dBm/15kHz
	-91dBm = -115.8dBm/15kHz
	-72dBm = -96.8dBm/15kHz

	PCell bandwidth
	MHz
	20
	20

	SCell bandwidth
	MHz
	5
	5
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	Off (Note 2)
	Off (Note 2)

	Symbols for unused PRBs
	
	OCNG (Note 3,4)
	OCNG (Note 3,4)

	Modulation
	
	[QPSK]
	 [64QAM]

	Maximum number of HARQ transmission
	
	[1]
	[1]

	Redundancy version coding sequence
	
	[{0}]
	[{0}]

	PDSCH transmission mode of SCell
	
	[1]
	[1]

	PDSCH tramsmission mode of PCell
	
	[3]
	[3]

	Timimg offset from SCell to PCell
	us
	[0, -4.6, 4.6, 
-30.26, 30.26]
	[0, -4.6, 4.6, 

-30.26, 30.26]

	Note 1:
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Note 2: 
No external noise sources are applied
Note 3:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated.

Note 4:
The OCNG pattern is used to fill the SCell control channel and PDSCH.


Table 3: Minimum performance (FRC)

	Test Number
	Band-width
	Reference Channel
	OCNG Pattern
	Propagation Conditions 
	Correlation Matrix and Antenna 
	Reference value

Fraction of Maximum

Throughput (%)
	UE Category
	CA capability

	
	
	PCell
	SCell
	PCell
	SCell
	PCell
	SCell
	PCell
	SCell
	
	
	

	1
	[20MHz+5MHz]
	[R.49 FDD]
	[R.XX FDD]
	[OP.5 FDD]
	[OP.1 FDD]
	EVA70
	EVA70
	[2x2] 
	[2x2] 
	[TBD]%


	TBD
	[CL_A-A]


Table 4: Fixed Reference Channel for NC CA performance 

	Parameter
	Unit
	Value

	Reference channel
	
	R.49 FDD
	R.XX FDD
	R.XX FDD

	Channel bandwidth
	MHz
	20
	5
	5

	Allocated resource blocks
	
	100
	25
	25

	Allocated subframes per Radio Frame
	
	9
	9
	9

	Modulation
	
	64QAM
	64QAM
	QPSK

	Coding Rate
	
	
	
	

	  For Sub-Frame 1,2,3,4,6,7,8,9,
	
	0.84
	0.84
	035

	  For Sub-Frame 5
	
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	
	0.87
	0.86
	0.33

	Information Bit Payload
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	63776
	15840
	2216

	  For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A

	For Sub-Frame 0
	Bits
	63776
	14112
	1800

	Number of Code Blocks per Sub-Frame
(Note 3)
	
	
	
	

	  For Sub-Frames 0,1,2,3,4,6,7,8,9
	Code Blocks
	11
	3
	1

	  For Sub-Frame 5
	Code Blocks
	N/A
	N/A
	N/A

	Binary Channel Bits Per Sub-Frame
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	75600
	18900
	6300

	  For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	73080
	16380
	5460

	Max. Throughput averaged over 1 frame
	Mbps
	57.398
	14.256
	5.586

	UE Category
	
	5-8
	TBD
	TBD

	Note 1:
3 symbols allocated to PDCCH.
Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].

Note 3:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).


From Figure 1 there is no performance loss with such timing offsets when only the fading channel + Doppler are considered. This can be expected as the LNA gain switch is rather fixed when only under fading channel with certain Doppler.

Observation 1: No performance loss with timing offset up to 30.26us when only fading channel and Doppler are considered with fixed receiver power level on both carriers as LNA gain is fixed.
But in reality there are other scenarios such as when UE is driving away from the centra of the Small cell but still in range of the edge of the Marco cell in such case the power level on the SCC Marco cell is still kept fixed and low but the power level on the PCC Small cell is changing in time gradually. This will bring a bigger chance to trigger the LNA gain switching with certain performance impact expected. The LNA gain switching is depending on each UE vendors implementation but such deployment scenarios need to be confirmed by the operators.
Proposal 1: How to model the receiver power changing in time needs operators input.
3 Conclusions

In this contribution we continue the discussion on the performance requirement for intra-band non-contiguous CA with the observation below and also provide our proposals.
Observation 1: No performance loss with timing offset up to 30.26us when only fading channel and Doppler are considered with fixed receiver power level on both carriers.

Proposal 1: How to model the receiver power changing in time needs operators input.
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