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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 with one shared LNA for 2 NC CCs how much the UE performance would be impacted when a rather large timing difference around 30us together with a large power imbalance exist between 2 NC CCs. The agreement made from last meeting is listed below.
Agreements in RAN4#69: 

· Deployment scenario for Intra-band Non-contiguous CA has both collocated scenario and non-collocated scenario

· RAN4 will send LS to RAN2/RAN1 to reflect the Non-collocated scenario as one of the potential deployment scenario for not only inter-band CA but also for intra-band non-contiguous CA in 36.300.

· Timing offset between CCs with non-collocated scenario which a UE should cope with is TBD

· RAN4 specifies the demodulation performance requirements for the collocated scenario and non-collocated scenario for intra-band non-contiguous CA in parallel

· Power Imbalance and Timing Offset are only considered in Non-collocated scenario

· The possibility to support 64QAM test case is TBD
In this contribution we further analysize the difficulties and suggest how to finalize the performance test with non-collocation deployment.
2 Discussion
There are 2 aspects to be checked as performance tests for intra-band NC CA with CA deployment scenario 4 as Marco+RRH configuration. The following subchapters provide simulation and analysis for the 2 aspects listed.
· 1st is to assume PCell is 5MHz CC and SCell is 20MHz CC taken as a blocker, and to check if the TP performance can be maintained with such large power imbalance proposed in [6] listed in Table 1. 
· 2nd is to check the performance loss on SCell when a rather large timing offset as 30us exists and the gain is updated in the middle of the subframe with such timing offset.

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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2.1 Performance requirements on PCell with 5MHz
By taking the imbalance numbers from Table 1 similar tests as intra-band contiguous CA are proposed in Table 2~4.
· 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 PCell in the presence of a stronger SCell signal on an intraband non-contiguous frequency. Throughput is measured on the PCell 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 
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	dBm/15kHz
	-91dBm = -121.8dBm/15kHz
	-72dBm = -102.8dBm/15kHz

	PCell bandwidth
	MHz
	5
	5

	SCell bandwidth
	MHz
	20
	20
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	Off (Note 2)

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

	Modulation on PCell
	
	[QPSK]
	 [64QAM]

	Maximum number of HARQ transmission
	
	[1]
	[1]

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

	PDSCH transmission mode of PCell
	
	[1]
	[1]

	PDSCH tramsmission mode of SCell
	
	[3]
	[3]

	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
	[5MHz+20MHz]
	[R.XX FDD]
	[R.49 FDD]
	[OP.1 FDD]
	[OP.5 FDD]
	AWGN
	Clause B.1
	[1x2] 
	[2x2] 
	[95]%

	TBD
	[CL_A-A]


Table 4: Fixed Reference Channel for NC CA performance to check PCell
	Parameter
	Unit
	Value

	Reference channel
	
	R.49 FDD
	R.XX FDD
64QAM Option 1
	R.XX FDD
64QAM Option 2
	R.XX FDD
QPSK

 Option 1
	R.XX FDD
QPSK

 Option 2

	Channel bandwidth
	MHz
	20
	5
	5
	5
	5

	Allocated resource blocks
	
	100
	25
	25
	25
	25

	Allocated subframes per Radio Frame
	
	9
	9
	9
	9
	9

	Modulation
	
	64QAM
	64QAM
	64QAM
	QPSK
	QPSK

	Coding Rate
	
	
	
	
	
	

	  For Sub-Frame 1,2,3,4,6,7,8,9,
	
	0.84
	0.84
	0.84
	0.35
	0.35

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

	  For Sub-Frame 0
	
	0.87
	0.86
	0.86
	0.33
	0.33

	Information Bit Payload
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	63776
	15840
	18336
	2216
	2216

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

	For Sub-Frame 0
	Bits
	63776
	12576
	14112
	1800
	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
	3
	1
	1

	  For Sub-Frame 5
	Code Blocks
	N/A
	N/A
	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
	20700
	6300
	6900

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

	  For Sub-Frame 0
	Bits
	73080
	16500
	14700
	4900
	5500

	Max. Throughput averaged over 1 frame
	Mbps
	57.398
	13.930
	16.080
	1.953
	1.953

	UE Category
	
	5-8
	TBD
	TBD
	TBD
	TBD

	Note 1:
3 symbols allocated to PDCCH are for Option 1 and 2 symbols allocated to PDCCH are for Option 2.
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).
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Figure 1 Relative TP for 5MHz as PCell with 64QAM and QPSK
For the performance requriements on PCell as 5MHz 2 tests with 64QAM and QPSK respectively are simulated with 2 FRC options on each. The difference of 2 FRC option is the number OFDM symbols allocated to PDCCH are different. Figure 1 gives the relative TP for the above tests. As the purpose of the test is to check the performance on PCell with a high power blocker as SCell certain level of maximum TP should be achieved, eg. 95% maximum TP.
Proposal 1: Test 1 from Table 2~4 on PCell as the purpose to check the maximum TP with 64QAM or QPSK with power imbalance proposed in Table 1.

2.2 Performance requirements on SCell with 20MHz
According to the simulation assumption listed in [3] simulation results are provided with the following setup.

· Timing offset test points: 

· 0 us, +30us, -30us, -4.6us
· Additional assumptions are considered as following

· Channel model: [EPA 70], [EPA 200], [EVA 70], [EVA 200] … , and 2x2 Low correlation 

· Transmission Mode : [TM3 rank 2]

· MCS:[ 5 (QPSK 1/3)], [20 (64QAM 1/2)]

· The receiver power level on each CC (ie. the maximum power imbalance between CCs, the total power level from both CCs) is TBD. Companies are encouraged to bring inputs with biggest performance impact. 
Figure 2~5 show the relative TP with different propogation channels as EVA70, EVA200, EPA70 and EPA200 respectively with TM3 QPSK 1/3 code rate and Figure 5~8 show 64QAM ½ code rate.
When the modulation is QPSK with low code rate the impact is invisible with all propogation channels plus high Doppler. But with higher modulation mode 64QAM and higher code rate as ½ some performance loss can be seen in Fgure 6~9. This is due to the fact that the constellations for QAM modulation are sensitive for the gain changing when the channel estimation is impacted. In Figure 8, when the channel condition is a worst case with high Doppler like EPA200 there are two possible SCC behaviours depending on either the timing of the SCC is earlier or later than the PCC. If the SCC is earlier in time compared to the PCC as shown as negative timing offset as -30us and -4.6us, the gain change can be directly taken into account, although the first OFDM symbol might be received with the previous AGC setting. But only a single symbol is affected. If the SCC is later in time compared to the PCC as shown as negative timing offset as +30us, the last OFDM symbol of the previous subframe is affected which will not impact the channel estimation but with some limited performance degradation. The former scenario as negative timing has some impact on the channel estimation (CRS based) which can be taken as the worst case. 
Observation 1: Performance loss up to 1dB can be seen with negative timing offset on SCell (30us earlier than PCell) with 64QAM ½ under EPA200.

There may be other scenarios can trigger the LNA gain switching more frequently which can be studied further. The current EPA200 already brings certain performance loss which is an easy scenario to be specified to test. Considering the timeline in Rel-11 we think it’s good enough to define this test scenario for NC CA.

Propose 2: Test 2 on SCell to check the performance with negative timing offset with 64QAM ½ under EPA200.
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Figure 2 Relative TP for 20MHz as SCell with TM3, QPSK 1/3, EVA70 with different timing offsets
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Figure 3 Relative TP for 20MHz as SCell with TM3, QPSK 1/3, EVA200 with different timing offsets
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Figure 4 Relative TP for 20MHz as SCell with TM3, QPSK 1/3, EPA70 with different timing offsets
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Figure 5 Relative TP for 20MHz as SCell with TM3, QPSK 1/3, EPA200 with different timing offsets
[image: image14.emf]10 12 14 16 18 20 22 24 26

0.4

0.5

0.6

0.7

0.8

0.9

1

SNR [dB]

Relative TP over 1 frame

Relative TP for NC CA on 20MHz as SCell with 64QAM and EVA70

 

 

No timing offset

+30us

-30us

-4.6us


Figure 6 Relative TP for 20MHz as SCell with TM3, 64QAM ½, EVA70 with different timing offsets
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Figure 7 Relative TP for 20MHz as SCell with TM3, 64QAM ½, EVA200 with different timing offsets
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Figure 8 Relative TP for 20MHz as SCell with TM3, 64QAM ½, EPA70 with different timing offsets
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Figure 9 Relative TP for 20MHz as SCell with TM3, 64QAM ½, EPA200 with different timing offsets

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.
Proposal 1: Test 1 from Table 2~4 on PCell as the purpose to check the maximum TP with 64QAM or QPSK with power imbalance proposed in Table 1.

Observation 1: Performance loss up to 1dB can be seen with negative timing offset on SCell (30us earlier than PCell) with 64QAM ½ under EPA200.

Propose 2: Test 2 on SCell to check the performance with negative timing offset with 64QAM ½ under EPA200.
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