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1 Introduction
In RAN4#68 meeting the intra-band non-contiguous CA scenario for performance requirement were discussed [1~2]. The discussions focused on the following
· Receiver structure

· Deployment scenarios

· Timing offsets between CCs

· Power imbalance between CCs

The difficulty seen for reaching agreement in previous meeting is under intra-band non-contiguous CA a lot of aspects eg.deployment scenario, timing offset and power imabalance between CCs etc. are linked together to contribute to the UE performance. In order to move forward to properly define the UE performance requirement both RF and UE performance related issues are further analyzed in this contribution. Also a way forward is proposed for further evaluation.
2 Discussion
The core requirements have been defined by assuming the UE is equipped with dual receiver chain but with shared LNA [3]. 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. 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 plus there is a significant timing difference (>CP) between the CCs.
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. 

When the enodeBs are under collocated deployment where each CC experiences similar path losses and channel propogations both the timing offset and power imbalance between 2 CCs are limited so it can be expected neither of the factor above will exist with negative impact to the UE performance. Therefore we propose we should separate the scenarios under collocated and non-collocated deployments.
Proposal 1: Define separated UE performance tests with collocated and non-collocated deployments.

For the collocated deployment both the timing offset and power imbalance between 2 CCs can be ignored so all the current test cases for inter-band CA can be reused. Furthurmore, as bankground in [4] the existing operating bands and the CA bandwidth configuration for intra-band non-contiguous are shown in the tables below. The maximum aggregated bandwidths for this configuration are 10+10MHz for FDD and 20+20MHz for TDD.

Table 5.6A.1-3: E-UTRA CA configurations and bandwidth combination sets defined for non-contiguous intra-band CA
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA configuration
	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_25A-25A
	25
	
	
	Yes
	Yes
	
	

	CA_41A-41A
	41
	
	
	
	Yes
	Yes
	Yes


Proposal 2: For collocated deployment reuse the current test cases and requirement defined for inter-band CA as following without timing offsets between CCs.
· Normal PDSCH tests (including CA TM1, TM3 and TM4 tests) and CQI test:

· FDD: Reuse the current inter-band CA tests with 10+10MHz
· TDD: Reuse the current inter-band CA tests with 20+20MHz
· Power imbalance test:

· Not applicable.
· Soft buffer management tests:
· FDD: Study/define new tests with 10+10MHz
· TDD: Reuse the current inter-band CA tests with 20+20MHz
· Sustained data rate tests:

· FDD: Reuse the current inter-band CA tests with 10+10MHz
· TDD: Reuse the current inter-band CA tests with 20+20MHz
For the geographically non-collocated enodeBs it’s demonstrated in [2] that an extream case as shown in Figure 1 can bring around 77 to 90 dB gap between CCs depending on frequency.
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Figure 1 Largest power imbalance scenario between CCs [2]
The purpose from [2] is to provide a worse case scenario where leaves the UE side to check what kind of performance impact we could expect when there are geographically non-collocated enodeBs deployed. But 77 to 90 dB power imbalance between CC is far more beyond what the UE can handle as the RF requirements specified in [4], where the ACS requirement is around 30dB difference depending on different bandwidths, the In-band blocking Case 1 is defined as -56dBm and the In-band blocking Case 2 is -44dBm. The only difference under intra-band non-contiguous CA is the CC with higher power instead of taken as an interfering frequency is also a wanted signal so the same requirement should apply. In case as demonstrated in [2] at Band 3 where a 20MHz is taken as a small cell plus a 5MHz as a marco cell with the frequency gap between them as 15MHz as shown in Figure 2, the maximum allowed power imbalance between CCs is between REFSENS+6dB and -44dBm. If we take Band 3 REFSENS with 5MHz it’s ending up at 47dB difference. So for the low power CC a low SNR as 0dB with QPSK is secured with REFSENS+6dB. Furthermore, if we are aiming at the worse case scenario a higher modulation mode 64QAM should be considered and then another 19dB could be added to the REFSENS+6dB. This will lift the power level for the high power CC to the maximum input power as -25dBm which is not a good scenario to consider. In order to give some margin to the maximum input power the power imbalance level around 40dB should be taken as a reasonable level for non-collocation deployment.
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Figure 2 Example on Band 3 with 20+5MHz and a gap as 15MHz in between for intra-band non-contiguous CA

Yet the power imbalance between CCs doesn’t have a direct link to LNA gain switching, the higher imbalanced level the bigger possibility the LNA gain is switching. There are also other factors such as higher Doppler can also trigger the LNA gain switching. And in the end how the LNA gain switchs it’s down to the RF implementation. The problem for UE performance tests is only the received power for each CC can be defined where all the RF requirements are not reflected. So what we can do for performance test is to take reasonable deployment scenario and find a proper power imbalance level for this geographically non-collocated intra-band non-contiguous CA case.

When it comes to the other aspect as the timing offset between CCs under non-collocated 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 [5]. 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, 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, 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 has some impact on the channel estimation (CRS based) which can be taken as the worst case. 

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 ability. For intra-band non-contiguous CA instead the purpose of the test is to verify if the UE RF can handle such high power imbalance between CCs and if both CC can achieve certain amount of maximum throughput or especially on the lower power CC. The worse case is to set 64QAM as the modulation mode with REFSENS+14dB+19dB as the received power for the low power CC and a power difference around 40dB for the high power CC. The same ratio 85% as the Fraction of Maximum Throughput can be checked. Also the timing offset should be 30.26us with SCC earlier than PCC.

A proposed test scenario is listed below as 20MHz+5MHz performance test where 20MHz CC is taken as higher power CC and PCell and 5MHz is taken as low power CC and SCell. The difference from the intra-band contiguous power imbalance test is 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. 
So we propose the following for non-collocated deployment.
Proposal 3: For non-collocated deployment depending on the frequency gap between 2 non-contiguous CC define the maximum power imbalance by Rel-8 ACS/In-band Blocking requirements and use this power imbalance for performance test to verify the UE RF capability and if the lower power CC can achieve certain amount of maximum throughput. The proposed scenario is listed with power imbalance as 40dB and the maximum timing offset up to 30.26us. This scenario should be checked to see the UE performance impact targeting at the worse case scenario.  
· 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 1: 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]
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at antenna port of PCell
	dBm/15kHz
	[-63]
	[-82]
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at antenna port of Scell
	dBm/15kHz
	[-97]
	[-116]

	PCell bandwidth
	MHz
	20
	20

	SCell bandwidth
	MHz
	5
	5
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at antenna port
	dBm/15kHz
	Off (Note 2)
	Off (Note 2)

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

	Modulation
	
	[64QAM]
	[QPSK]

	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, -30.26, 30.26]
	[0, -30.26, 30.26]

	Note 1:

[image: image8.wmf]0

=

B

P

.

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 2: 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]
	[Clause B.1]
	[AWGN]
	[2x2] 
	[1x2] 
	[85]%

	TBD
	[CL_A-A]


Table 3: Fixed Reference Channel for CA demodulation with power imbalance

	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).


3 Conclusions

In this contribution we continue the discussion on the performance requirement for intra-band non-contiguous CA and propose the following.
Proposal 1: Define separated UE performance tests with collocated and non-collocated deployments.
Proposal 2: For collocated deployment reuse the current test cases and requirement defined for inter-band CA as following without timing offsets between CCs.
· Normal PDSCH tests (including CA TM1, TM3 and TM4 tests) and CQI test:

· FDD: Reuse the current inter-band CA tests with 10+10MHz
· TDD: Reuse the current inter-band CA tests with 20+20MHz
· Soft buffer management tests:
· FDD: Study/define new tests with 10+10MHz
· TDD: Reuse the current inter-band CA tests with 20+20MHz
· Sustained data rate tests:

· FDD: Reuse the current inter-band CA tests with 10+10MHz
· TDD: Reuse the current inter-band CA tests with 20+20MHz
Proposal 3: For non-collocated deployment depending on the frequency gap between 2 non-contiguous CC define the maximum power imbalance by Rel-8 ACS/In-band Blocking requirements and use this power imbalance for performance test to verify the UE RF capability and if the lower power CC can achieve certain amount of maximum throughput. The proposed scenario is listed with power imbalance as 40dB and the maximum timing offset up to 30.26us. This scenario should be checked to see the UE performance impact targeting at the worse case scenario.  
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