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1. Introduction
The impact of the RX impairments and frequency error in CA verification scenarios has been discussed in recent RAN4 meetings. In the present contribution we evaluate the impact of those error sources on the UE’s demodulation performance and provide our views on the way forward.
2. Impact of the RX impairments
The CA specific RX impairments have been discussed in [6]

 REF _Ref300822725 \w \h 
[7]

 REF _Ref300822727 \w \h 
[8] with the following conclusions regarding the additional margin:
· 
R4-113466: The aggregated receiver impairments are modelled as a total receiver EVM of 6.3%, equivalently, corresponding to -24 dB noise floor in the receiver.
· 
R4-113783: No additional margin taking RF impairments due to carrier aggregation into account is needed as long as the downlink component carriers are balanced in power and no carrier aggregation in uplink is applied.
· 
R4-113426: We did not see the full justification for the CA specific margin. But the additional relaxation of 0.5 dB seems acceptable for CA demodulation requirements.
As an outcome from the UE demodulation Ah-Hoc, the following options were agreed to be studied further:

· 
Option 1: accept the proposal 3 in 3466 and re-simulate all tests to define requirements for CA tests.

· 
Option 2: individual company to explicitly model RF impairments according to their implementation and submit results when defining requirements.

· 
Option 3: when defining requirements, companies can provide results with or without explicit RF impairments due to CA. Same approach as in Rel-8/9. To whether or not model the relative frequency error, it is still subject to the relative frequency error issue discussion.

· 
Option 4: do not include additional RF impairments due to CA when submitting impairment results.

In the following, we evaluate the performance impact of the RX EVM on the five CA test cases specified in [9]. The aim of these simulations is to identify whether the suggested worst case RX EVM of 6.3 % [7] has a discernable impact on the demodulation performance. The results for the five CA test cases from [9] are summarized in Table 1. 
Table 1 – Impact of the RX EVM
	Simulation
	Test 
	Ref. value
	Loss due to RX EVM

	Sim.1
	8.2.1.1.1-20
	70 %
	0.0 dB

	Sim.2
	8.2.1.3.1-1
	70 %
	0.2 dB

	Sim.3
	8.2.1.3.1-2
	70 %
	0.2 dB

	Sim.4
	8.2.1.4.3-1
	70 %
	0.1 dB

	Sim.5
	8.7.1-6A
	85 %
	3.3 dB

	loss = SNR1 – SNR2, where
SNR1 = SNR required to reach the ref. value with 6.3 % RX EVM

SNR2 = SNR required to reach the ref. value with 0.0 % RX EVM
Note 1: TX EVM of 6 % is added in all cases
Note 2: Realistic RX impairment modeling is switched off in all cases

Note 3: Test cases according to [9]


As can be seen, the performance loss due to 6.3 % RX EVM is less than 0.2 dB for the demodulation test cases (simulations 1-4). Furthermore, it is found out (results omitted) that the loss compared to a realistic single-carrier receiver is less than 0.1 dB for all demodulation test cases. 
Based on these findings, the additional RX EVM due to CA can be ignored when setting the CA demodulation requirements. It should be noted that mandating a realistic RF modelling in the simulations might imply a considerable delay in the completion of the requirements and/or might still not account the receiver constraints in a realistic manner. Moreover, it is not clear whether enforcing such “explicit” modelling of the RF impairments (as proposed in Option 2) would be a practical approach, as the impairment modelling is typically company proprietary information. 
Observation 1: The additional RX EVM due to CA can be ignored in the demodulation test cases. 
On the other hand, one observes a significant loss in the sustained data rate test due to the added 6.3 % RX EVM. Hence some further assessment might be needed regarding the possible reuse of the Release-9 sustained data rate requirement in Rel-10 CA. 

The achievable implementation margin for the sustained data rate test can be formulated as
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(Eq.1)
where SNRref  denotes the SNR needed to reach a certain reference value (TB success rate). 
The achieved implementation margin in sustained data rate test 8.7.1-6A7 (FDD) is illustrated in Figure 1 as a function of RX EVM and reference value. The simulations are carried out with the RF impairment model switched off, however adding 6 % TX EVM in all cases. No frequency error is added.
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Figure 1 – Achievable implementation margin in the CA sustained data rate test 4 (FDD)
As can be seen, the implementation margin in the FDD case is around 2.7 dB, assuming the proposed worst-case EVM of 6.3 % and the current requirement level of 85 % (dashed lines). Adopting the existing requirement seems hence justifiable for the sustained data rate FDD requirement, however conditional to the frequency error aspect.
Observation 2: The additional RX EVM due to CA can be ignored in the sustained data rate FDD test. 
However, the same conclusion is not necessarily valid for TDD, as illustrated in Figure 2:
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Figure 2 – Achievable implementation margin in the CA sustained data rate test 4 (TDD)
As can be seen, the implementation margin in TDD is a mere 1.1 dB, assuming the proposed 6.3 % worst-case EVM and  a requirement level of 85 % (dashed lines). It is hence possible that the test becomes constrained by the UE’s RF performance, which is not inline with the purpose of the sustained data rate tests (that is to verify UE’s higher layer processing capabilities).
Observation 3: The additional RX EVM due to CA might need to be accounted in the sustained data rate TDD test.
Reducing either the test point or the code rate could be considered in order to make the test more agnostic to UE’s RF performance. Both RX EVM and frequency error should be considered in the selection of these parameters.
3. Impact of the frequency error
The following aspects were discussed in the RAN4#59AH meeting, as documented in [2]:
· 
Whether future RAN4 CA demodulation simulations should, or should not, include an error in the frequency difference between the two component carriers  

· 
What size of frequency difference error could be specified in RAN5 by Test equipment vendors  

· 
The side conditions applicable to the frequency difference error specified in RAN5

· 
Effect on the demodulation simulation outcomes for both “normal” CA demodulations tests and sustained data rate tests

In the present contribution we focus on the bullet points 1 and 4.

The impact of the frequency error is evaluated for the UE demodulation scenarios agreed in [2] plus one additional simulation addressing the sustained data rate TDD performance:
· 
Sim 1: FDD 2x20 MHz 2TX test for TM3, UE cat 5-8, CA capability A-A,C
· 
Sim 2: TDD 2x20 MHz 4TX for TM4, UE cat 5-8, CA capability C
· 
Sim 3: TDD sustained data rate test for cat 6-7 UEs with a 2x20 MHz capability
Note that the sustained data rate test is evaluated in TDD mode (in contrast to FDD recommended in [2]) as to assess the frequency error impact in the worst-case SNR conditions, as evident from Figure 2.
Observation 4: Possible further evaluations on the frequency error impact should consider TDD performance in addition to FDD as to address the worst-case SNR conditions.  
Frequency errors {0 Hz, 30 Hz, 60 Hz, 100 Hz} are evaluated for the demodulation test cases and {0 Hz, 5 Hz, 10 Hz, 15 Hz, 20 Hz, 30 Hz} for the sustained data rate test, the error being modelled as a fixed value, invariant over the duration of the simulation. No RX impairments are included in the simulations, however adding TX EVM of 6 %.
The results are summarized in Table 1, which shows the performance loss in dB relative to the case where no frequency error is added.
Table 2 – Impact of the relative frequency error
	Simulation
	Test case
	Ref. value
	0Hz
	5 Hz
	10 Hz
	15 Hz
	20 Hz
	30Hz
	60Hz
	100Hz

	Sim.1
	8.2.1.3.1-2
	70%
	0.00
	
	 
	
	 
	0.01
	0.03
	0.11

	Sim.2
	8.2.2.4.3-2
	70%
	0.00
	
	 
	
	 
	0.32
	0.34
	0.37

	Sim.3
	8.7.2-4
	85%
	0.00
	0.10
	0.35
	0.65
	1.35
	3.05
	
	


As can be seen, the maximum loss due to frequency errors up to 30 Hz (as proposed in [2]) is 3.05 dB for the sustained data rate TDD test. Considering that  the implementation margin for this test is already limited by the RX EVM (see Figure 2), an additional loss of such magnitude is clearly not possible. In order to make the impact more tolerable, the frequency error should be limited around 10 Hz. If this is not possible, a considerably lower test point and/or code rate needs to be adopted, however possibly compromising the intention of the test.  
Observation 5: A large impact (3.05 dB) is observed in the sustained data rate TDD test 4 due to frequency errors up to 30 Hz.
Observation 6: The frequency error needs to be limited around 10 Hz in order to make the impact negligible in all Rel-10 CA test cases.
On the other hand, the impact from frequency errors up to 30 Hz is only 0.3 dB at maximum for the evaluated demodulation tests. A loss of such magnitude could be compensated by adding a small margin on top of the extra margins agreed for Release 8 and 9 test cases.

4. Summary and conclusions

The observations from this paper are summarized in the following

Observation 1: The additional RX EVM due to CA can be ignored in the demodulation test cases.

Observation 2: The additional RX EVM due to CA can be ignored in the sustained data rate FDD test.

Observation 3: The additional RX EVM due to CA might need to be accounted in the sustained data rate TDD test.

Observation 4: Possible further evaluations on the frequency error impact should consider TDD performance in addition to FDD as to address the worst-case SNR conditions.
Observation 5: A large impact (3.05 dB) is observed in the sustained data rate TDD test 4 due to frequency errors up to 30 Hz.

Observation 6: The frequency error needs to be limited around 10 Hz in order to make the impact negligible in all Rel-10 CA test cases.

Based on these observations we propose the following:
Proposal 1A:
· 
Frequency error is limited to 10 Hz in both intra and inter band CA test cases

· 
The existing Rel-8 requirement is adopted for the FDD demodulation test 8.2.1.3.1-1.
· 
The simulations for the FDD demodulation tests 8.2.1.1.1-20, 8.2.1.3.1-2, 8.2.1.4.3-2, and TDD demodulation tests 8.2.2.1.1-20, 8.2.2.3.1-2, 8.2.2.4.3-2 are carried out assuming a single carrier RF. No extra margin due to CA-specific RX EVM or frequency error is added.
· 
The existing Rel-8 requirement (85 %) is adopted for the sustained data rate FDD test 8.7.1-6A.

· 
The combined impact of the RX EVM and frequency error is taken into account when selecting the reference value (and possibly code rate) for the TDD sustained data rate test 8.7.2-6A. A UE having no per CC frequency correction capability is assumed as a baseline in both alignment and impairment simulations. 
In case limiting frequency error to 10 Hz is not feasible from the TE implementation point of view, the following can be considered:
Proposal 1B:
· 
The frequency error is limited to 30 Hz in both intra and inter band CA test cases

· 
A fixed extra margin is added to the demodulation requirement to account for the loss due to the frequency error. Alternatively, the frequency error can be modelled in the simulations targeting for the minimum requirements, assuming no per CC frequency correction as a baseline.
· 
No extra margin due to CA-specific RX EVM is added to the demodulation test cases.

· 
The combined impact of the RX EVM and frequency error is taken into account when selecting the reference values (and possibly code rate) for the sustained data rate test  FDD and TDD tests. A UE having no per CC frequency correction capability is assumed as a baseline in both alignment and impairment simulations. 

The main drawback of the Option 2 is that it could imply a very low reference value and/or code rate for the sustained data rate tests, potentially failing to verify the peak processing capability of the UE. Hence our strong preference is Proposal 1A, given it is feasible from the TE implementation point of view.
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