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1. Introduction
A way forward for the CA demodulation requirements was presented in the RAN4#57AH [1]. Although [1] was not formally approved (some companies needed more time to check), we consider it as a good baseline for the further work.
It was proposed in [1] that the CA demodulation requirements should be band agnostic and no specific assumptions should be imposed on the UE receiver implementation of synchronization or its FFT size. Furthermore it was suggested to limit the number of test cases to the most important ones from the functional verification point of view, adopting the scenarios proposed in [3], or similar. However, no conclusion could be reached regarding the modeling the frequency error in the RAN4 simulations. Two alternatives were provided in [1], aiming to conclude this aspect in the RAN4#58 meeting.

In the present contribution we provide some further considerations on the modeling of the frequency error and outline a possible framework for the actual requirements. 
2. Frequency error
The impact of the frequency error on the CA verification has been discussed in the recent RAN4 meetings, see [1]-[7]. Two options were brought out in the RAN4#57AH meeting:
· 
Option 1: Model the frequency error in simulations targeting for the minimum requirements as proposed in R4-110057. The frequency error would be not modeled in the actual conformance test setup but would be subject to the TE implementation.

· 
Option 2: Do not model the frequency error in simulations targeting for the minimum requirements. Mandate a low frequency error (e.g. using a common frequency reference) in the test equipment. Feedback from TE vendors would be needed to assess the feasibility of this alternative.
In the following, we provide our views on the preferred scheme. The following working assumptions (as proposed in [1]) are adopted as a starting point for these considerations:
· 
Assumption 1: The CA requirements are considered to be agnostic to the E-UTRA CA band. No specific band or aggregation type shall be assumed in the simulations targeting for the minimum requirements.
· 
Assumption 2: No assumptions on the UE receiver implementation of synchronization or its FFT size.

2.1. Frequency error in network deployments
The modulated carrier frequency of each E-UTRA carrier configured by the BS shall be accurate to within ±0.05 ppm for a wide area BS, as defined in TS 36.104. On the other hand, it is mandated in TS 36.101, that for the intra-band CA, the UE modulated carrier frequencies per band shall be accurate to within ±0.1 PPM compared to the carrier frequency of the primary component carrier (PCC). This is a consequence of the decision made at RAN4AH#3[8] in which the following was indicated to RAN2: 


Consequently, it is reasonable to assume that the UE would need to lock its AFC to the PCC, implying that the eNB would need to maintain a tight time and frequency synchronization between the PCell and Scell as to avoid drifting of the Scell uplink and downlink timing.
Observation: The component carriers are expected to be synchronized in time and frequency for intra-band CA in LTE Rel-10. Hence the assumption of no frequency error in Rel-10 timeframe would be justifiable from the network deployment point of view.
In LTE Release-11, deployment scenarios with repeaters and remote radio heads are expected. In such case a moving UE would be subject to an additional frequency error between the component carriers due to different Doppler shifts from the Pcell and Scell. Further signaling specification work in RAN2 and RAN4 on multiple timing advances would need to be done to enable the support of these types of scenarios for uplink carrier aggregation [9]. Hence, we believe this aspect could be re-evaluated (if deemed necessary) at the same time as any Rel-11 work on multiple timing advance, by modeling the Doppler shifts as part of the propagation channel model.
A necessary precursor to this discussion would be a better understanding of the repeater/RRH deployment scenario than exists today (e.g. UE velocity for which it is feasible to perform carrier aggregation with repeater/RRH). We would also assume that it is quite likely, although a release 11 discussion, that component carriers for RRH and repeaters would still be expected to be time and frequency synchronized as far as the transmission is concerned, so the main consideration is about the channel models appropriate for RRH and repeater scenarios.
Observation: The aspect of frequency error could be reconsidered in Rel-11 in the context of the RRH and repeater scenarios.
2.2. Frequency error in conformance tests
The test system uncertainties for the UE demodulation requirements are specified in Annex F.1.4 of TS 36.521-1. At the moment, no tolerance is specified for the maximum frequency error of the transmitted signal.
In case Option 1 was adopted, the frequency error in the actual conformance tests would be conditional to the used test equipment, hence increasing the test system uncertainty. Such test would be hence not useful in its main intended purpose i.e. verifying the UE’s frequency correction capabilities. One could perhaps argue that this is similar to TX EVM, which is indeed modeled in the simulations targeting for the minimum requirements. However, our understanding is that a low frequency error can be rather easily achieved in practical test equipment, unlike low TX EVM.
Observation: Low frequency error should be mandated for the TE as to avoid increased test uncertainty. 

2.3. Scalability of the requirements
As discussed in earlier contributions (see e.g. [3]), the frequency error modeling is expected to have some long-term impact on the CA verification principles. In case Option 1 was adopted, new simulations would be needed for all forthcoming CA requirements as to account the impact of the frequency error. In case Option 2 was adopted, the requirements for multiple component carriers could be defined based on single-carrier performance, avoiding lengthy simulation campaigns and speeding up the completion of the requirements. 
Observation: The CA requirements should be scalable as to ensure smooth progress in the current and future releases.
2.4. Proposed way forward
The following way forward is recommended to progress the work, based on the discussion above.
· 
Adopt Option 2 as a basis for the frequency error modeling
· 
Inform RAN5 about the RAN4 agreement on the frequency error modeling
· 
Choose initial test cases for SIMO, MIMO, and processing capability verification (see section 3 for our proposal)  
· 
Run simulations for those test cases for which no existing single-carrier requirements are available
· 
Implement the changes in TS 36.101 (see Annex A for a TP for SIMO tests)
A possible verification framework is outlined in the following section.
3. Verification framework
The following test cases are proposed for the verification of CA in LTE Rel-10, based on the considerations provided in [3] and the outcome of the RAN4#57AH meeting [1].
The SIMO and MIMO tests below are applicable to the UE categories 3-8, covering CA bandwidth classes A-C for both intra and inter-band configurations. For example, test 1 would be applicable to the UEs with an inter-band CA capability xA-yA, or an intra-band capability xB or xC, or any combination of those. Note that it would be ultimately the responsibility of RAN5 to decide the E-UTRAN CA band(s) to be used in the actual conformance testing, however keeping in mind that the UE’s performance is seen agnostic to the actual frequency band w.r.t. demodulation test cases.
Table 1 – Proposed test cases for single transmit antenna (TM1)
	Test
	Channel BW
	MCS
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	Applicable UE categories/capabilities

	
	
	
	
	
	Fraction of Maximum Throughput
	SNR (dB)
	UE Cat
	MIMO
capability
(1)
	CA
capability
(2)

	
	
	
	
	
	
	
	
	
	

	1
	2x10 MHz
	QPSK-1/3
	EVA5
	1x2 Low
	70 %
	[-1.0]
	3-8
	2 or 4 layers
	xA-yA, xB, or xC

	2
	2x20 MHz
	QPSK-1/3
	EVA5
	1x2 Low
	70 %
	TBD
	3-8
	2 or 4 layers
	xA-yA, or xC

	(1) signaled per band for UE categories 6-8     (2) x=band1, y=band2


The SIMO requirements are proposed to be based on the existing single-carrier SIMO test case 1. New simulations would be needed for the SIMO Test-2, taking single-carrier performance as a baseline.
Table 2 – Proposed test cases for dual-layer MIMO (TM9)
	Test
	Channel BW
	MCS
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	Applicable UE categories/capabilities

	
	
	
	
	
	Fraction of Maximum Throughput
	SNR (dB)
	UE Cat
	MIMO
capability
(1)
	CA
capability
(2)

	
	
	
	
	
	
	
	
	
	

	1
	2x10 MHz
	16QAM-1/2
	EPA5
	2x2 Low
	70 %
	TBD
	3-8
	2 or 4 layers
	xA-yA, xB, or xC

	2
	2x20 MHz
	16QAM-1/2
	EPA5
	2x2 Low
	70 %
	TBD
	3-8
	2 or 4 layers
	xA-yA, or xC

	(1) signaled per band for UE categories 6-8     (2) x=band1, y=band2


The dual-layer MIMO performance is proposed be verified in TM9, using the same test setup as for the corresponding single-carrier test, see [10]. Note that the details of these test cases are not fully stabilized. As with SIMO, some additional simulations are needed for 20 MHz, adopting the same assumptions as for the 10 MHz case.
Table 3 – Proposed test case for sustained data rates (TM3)
	Test
	Channel BW
	Antenna
conf
	Propagation Condition
	Number of MIMO layers
	Number
of bits of a DL-SCH transport block received within a TTI
	Applicable UE categories/capabilities

	
	
	
	
	
	
	UE
Cat
	MIMO
capability
(1)
	CA
capability
(2)

	1
	2x20 MHz
	2x2
	AWGN
	2
	[75376]
	6 or 7
	2 layers
	xA-yA, or xC

	(1) signaled per band     (2) x=band1, y=band2


The processing capability of category 6 and 7 UEs could be verified by the single test case shown above. The scope of this test would be limited to the UE’s with a maximum MIMO capability of 2 layers, as a dedicated test will be eventually needed to cover UE categories 6 and 7 with a support for 4 MIMO layers.

It is proposed to start the actual simulation work with the SIMO cases (simulations needed only for Test-2), progressing to dual-layer MIMO when the details of the single-carrier TM9 tests are settled. The test for the sustained data rates would then follow.
Possible specification changes for the SIMO test cases are outlined in Annex A. 
4. Conclusions

In the present contribution we have provided further views regarding the CA demodulation requirements. The main proposals are summarized below:

Proposal 1: Adopt Option 2 as a basis of the frequency error modeling, taking actions listed in Section 2.4.

Proposal 2: Adopt the test cases described in Tables 1-3 as a basis of the initial CA requirements.
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Annex A – TP for the SIMO cases
8
Performance requirement

This clause contains performance requirements for the physical channels specified in TS 36.211 [4]. The performance requirements for the UE in this clause are specified for the measurement channels specified in Annex A.3, the propagation conditions in Annex B and the downlink channels in Annex C.3.2. 
8.1
General

8.1.1
Dual-antenna receiver capability
The performance requirements are based on UE(s) that utilize a dual-antenna receiver. 
For all test cases, the SNR is defined as
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where the superscript indicates the receiver antenna connector. The SNR requirement applies for the UE categories and CA capabilities given for each test. The following terminology is used to describe the applicability of the requirement with respect to the CA capabilities:
· 
“None” means that the test applies to UEs with no CA capability
· 
“CA_xC1-yC2” means that the test applies to UEs with inter-band CA capability for bands x and y with CA bandwidth classes C1 and C2, respectively 
· 
“CA_xC1” means that the test applies to UEs with intra-band CA capability for band x with CA bandwidth class C1
· 
“Any” means that the test applies to UEs with any CA capability (including UEs with no CA capability)
8.1.1.1
Simultaneous unicast and MBMS operations
8.1.1.2
Dual-antenna receiver capability in idle mode
8.2
Demodulation of PDSCH (Cell-Specific Reference Symbols)

8.2.1
FDD (Fixed Reference Channel)

The parameters specified in Table 8.2.1-1 are valid for all FDD tests unless otherwise stated.

Table 8.2.1-1: Common Test Parameters (FDD)

	Parameter
	Unit
	Value 

	Inter-TTI Distance
	
	1

	Number of HARQ processes
	Processes
	8

	Maximum number of HARQ transmission
	
	4

	Redundancy version coding sequence
	
	{0,1,2,3} for QPSK and 16QAM

{0,0,1,2} for 64QAM

	Number of OFDM symbols for PDCCH per component carrier
	OFDM symbols
	4 for 1.4 MHz bandwidth, 3 for 3 MHz and 5 MHz bandwidths, 

2 for 10 MHz, 15 MHz and 20 MHz bandwidths

	Cyclic Prefix
	
	Normal

	Cell_ID
	
	0

	Note 1:
No cross-carrier scheduling shall be configured in the case of multiple component carriers


8.2.1.1
Single-antenna port performance

The single-antenna performance in a given multi-path fading environments is determined by the SNR for which a certain relative information bit throughput of the reference measurement channels in Annex A.3.3 is achieved. The purpose of these tests is to verify the single-antenna performance with different channel models and MCS. The QPSK and 64QAM cases are also used to verify the performance for all bandwidths specified in Table 5.6.1-1. 
8.2.1.1.1
Minimum Requirement

The requirements are specified in Table 8.2.1.1.1-2, with the addition of the parameters in Table 8.2.1.1.1-1 and the downlink physical channel setup according to Annex C.3.2. 

Table 8.2.1.1.1-1: Test Parameters

	Parameter
	Unit
	Test 1- 5,19
	Test 6- 8
	Test 9- 15
	Test 16- 18

	Downlink power allocation
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	dB
	0
	0
	0
	0
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	dB
	0 (Note 1)
	0 (Note 1)
	0 (Note 1)
	0 (Note 1)
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at antenna port
	dBm/15kHz
	-98
	-98
	-98
	-98

	Symbols for unused PRBs
	
	OCNG (Note 2)
	OCNG (Note 2)
	OCNG (Note 2)
	OCNG (Note 2)

	Modulation
	
	QPSK
	16QAM
	64QAM
	16QAM

	Note 1:
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Note 2:
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.


Table 8.2.1.1.1-2: Minimum performance (FRC)

	Test number
	Bandwidth
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category
	CA capability

	
	
	
	
	
	
	Fraction of Maximum
Throughput (%)
	SNR (dB)
	
	

	1
	10 MHz
	R.2 FDD
	 OP.1 FDD
	EVA5
	1x2 Low
	70
	-1.0
	1-8
	None

	
	2x10 MHz
	[R.2-1 FDD]
	[OP.X FDD]
	EVA5
	1x2 Low
	70
	[-1.0]
	3-8
	CA_xA-yA
CA_xB
CA_xC

	2
	10 MHz
	R.2 FDD
	OP.1 FDD 
	ETU70
	1x2 Low
	70
	-0.4
	1-8
	Any

	3
	10 MHz
	R.2 FDD
	OP.1 FDD 
	ETU300
	1x2 Low
	70
	0.0
	1-8
	Any

	4
	10 MHz
	R.2 FDD
	OP.1 FDD 
	HST
	1x2 Low
	70
	-2.4
	1-8
	Any

	5
	1.4 MHz
	R.4 FDD
	OP.1 FDD 
	EVA5
	1x2 Low
	70
	0.0
	1-8
	Any

	6
	10 MHz
	R.3 FDD
	OP.1 FDD 
	EVA5
	1x2 Low
	70
	6.7
	2-8
	Any

	
	5 MHz
	R.3-1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	6.7
	1
	Any

	7
	10 MHz
	R.3 FDD
	OP.1 FDD 
	ETU70
	1x2 Low
	30
	1.4
	2-8
	Any

	
	5 MHz
	R.3-1 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	30
	1.4
	1
	Any

	8
	10 MHz
	R.3 FDD
	OP.1 FDD 
	ETU300
	1x2 High
	70
	9.4
	2-8
	Any

	
	5 MHz
	R.3-1 FDD
	OP.1 FDD
	ETU300
	1x2 High
	70
	9.4
	1
	Any

	9
	3 MHz
	R.5 FDD
	OP.1 FDD 
	EVA5
	1x2 Low
	70
	17.6
	1-8
	Any

	10
	5 MHz
	R.6 FDD
	OP.1 FDD 
	EVA5
	1x2 Low
	70
	17.4
	2-8
	Any

	
	5 MHz
	R.6-1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.5
	1
	Any

	11
	10 MHz
	R.7 FDD
	OP.1 FDD 
	EVA5
	1x2 Low
	70
	17.7
	2-8
	Any

	
	10 MHz
	R.7-1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	16.7
	1
	Any

	12
	10 MHz
	R.7 FDD
	OP.1 FDD 
	ETU70
	1x2 Low
	70
	19.0
	2-8
	Any

	
	10 MHz
	R.7-1 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	70
	18.1
	1
	Any

	13
	10 MHz
	R.7 FDD
	OP.1 FDD 
	EVA5
	1x2 High
	70
	19.1
	2-8
	Any

	
	10 MHz
	R.7-1 FDD
	OP.1 FDD
	EVA5
	1x2 High
	70
	17.8
	1
	Any

	14
	15 MHz
	R.8 FDD
	OP.1 FDD 
	EVA5
	1x2 Low
	70
	17.7
	2-8
	Any

	
	15 MHz
	R.8-1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	16.8
	1
	Any

	15
	20 MHz
	R.9 FDD
	OP.1 FDD 
	EVA5
	1x2 Low
	70
	17.6
	3-8
	Any

	
	20 MHz
	R.9-2 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.3
	2
	Any

	
	20 MHz
	R.9-1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	16.7
	1
	Any

	16
	3 MHz
	R.0 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	30
	1.9
	1-8
	Any

	17
	10 MHz
	R.1 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	30
	1.9
	1-8
	Any

	18
	20 MHz
	R.1 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	30
	1.9
	1-8
	Any

	19
	2x20 MHz
	[R.2-2 FDD]
	[OP.X FDD]
	EVA5
	1x2 Low
	70
	[TBD]
	3-8
	CA_xA-yA

CA_xC


------------------------------------------- NEXT MODIFIED SECTION -------------------------------------------

A.3.3
Reference measurement channels for PDSCH performance requirements (FDD)

A.3.3.1
Single-antenna transmission (Common Reference Symbols)

Table A.3.3.1-1: Fixed Reference Channel QPSK R=1/3

	Parameter
	Unit
	Value

	Reference channel
	
	R.4 FDD
	
	
	R.2 FDD
	R.2-1 FDD
	R.2-2 FDD

	Channel bandwidth
	MHz
	1.4
	
	
	10
	2x10
	2x20

	Number of component carriers
	
	1
	
	
	1
	2
	2

	Number of spatial codewords
	
	1
	
	
	1
	1
	1

	Allocated resource blocks
	
	6
	
	
	50
	50
	100

	Allocated subframes per Radio Frame
	
	10
	
	
	10
	10
	10

	Modulation
	
	QPSK
	
	
	QPSK
	QPSK
	QPSK

	Target Coding Rate
	
	1/3
	
	
	1/3
	1/3
	1/3

	Information Bit Payload (Note 4)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	408
	
	
	4392
	4392
	8760

	  For Sub-Frame 5
	Bits
	n/a
	
	
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	152
	
	
	4392
	4392
	8760

	Number of Code Blocks (Notes 3 and 4)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	
	1
	
	
	1
	1
	2

	  For Sub-Frame 5
	
	n/a
	
	
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	
	1
	
	
	1
	1
	2

	Binary Channel Bits  (Note 4)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	1368
	
	
	13800
	13800
	27600

	  For Sub-Frame 5
	Bits
	n/a
	
	
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	528
	
	
	12960
	12960
	26760

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	0.342
	
	
	3.953
	3.953
	7.884

	
	
	
	
	
	
	
	

	Note 1:
2 symbols allocated to PDCCH per component carrier for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz
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)
Note 4:
Given per subframe per component carrier per codeword
Note 5:
No cross-carrier scheduling shall be configured in the case of multiple component carriers



RAN4 notes that there is only one timing advance (TA) command to be used for Rel-10. Therefore, the UE can strictly follow the TA (within the specified accuracy) based on the Pcell timing reference, and as long as the UE is in-sync for Pcell it can also assume that UL timing is maintained for all the uplink CCs. Hence the Pcell can be used as a reference for UE timing lock in Rel-10.
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