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1
Introduction
In previous RAN4 meeting uplink 256 QAM requirements were agreed for single carrier and contiguous intraband CA Class B and C. It is noted that for contiguous intraband CA class B requirements are not complete as MPR for non-contiguous resource allocation was not defined in [1]. Also in previous RAN4 meeting a TP was approved for uplink intraband 3CC MPR [2] however 256-QAM MPR was in this contribution FFS.
In this contribution we discuss the 3CC uplink contiguous intraband CA (Class D) 256 QAM MPR.
2
Discussion

During the uplink capacity enhancement WI when 256-QAM MPR was studied it was concluded that the 256 QAM contiguous allocation MPR is driven by EVM requirement and not by unwanted emissions into SEM, ACLR and spurious emissions region. Outcome of this can be seen also from MPR requirement which is same for all 256 QAM contiguous allocations. Therefore it may not be necessary to perform additional simulations or measurement to conclude the contiguous 3CC MPR instead it can be derived from exiting requirements. 
For 2 CC class C non-contiguous allocations it was seen that for small allocation ratio signals which have highest unwanted emissions the same MPR is enough for 256 QAM as for lower order modulations and only for the larger allocation ratios where EVM becomes limiting requirement 256 QAM needs more MPR than lower order modulations. Hence also for 3CC non-contiguous allocation 256 QAM the MPR requirement can be derived from existing MPR requirements.

Current 256 QAM MPR values are presented in Table 1.
Table 1: Current 256 MPR requirements

	
	Single CC
	2CC Class B
	2 CC Class C

	Contiguous allocation
	5 dB
	5.5 dB
	5.5 dB

	Non-contiguous allocation (large allocation ratios)
	5.5 dB
	not defined yet
	5.5 dB


2.1
Uplink intraband CA EVM requirement
Intraband uplink CA EVM requirement applies only when one carrier is allocated and the other carriers are unallocated, see sections from core and test specification below. Hence the situation is very similar to single carrier operation for example from PA performance point of view. What is not same for UL CA and single CC operation is the effect of LO and carrier leakage for EVM and this will be discussed in next section.
***************************** TS 36.101 ***********************************

6.5.2A.1
Error Vector Magnitude
For the intra-band contiguous and non-contiguous carrier aggregation, the Error Vector Magnitude requirement should be defined for each component carrier. Requirements only apply with PRB allocation in one of the component carriers. Similar transmitter impairment removal procedures are applied for CA waveform before EVM calculation as is specified for non-CA waveform in sub-section 6.5.2.1.
***************************** TS 36.521-1 ***********************************

6.5.2A.1.1
Error Vector Magnitude (EVM) for CA (intra-band contiguous DL CA and UL CA)

6.5.2A.1.1.1
Test Purpose

For the intra-band contiguous carrier aggregation, the Error Vector Magnitude requirement should be defined for each component carrier. Requirement applies for the allocated component carrier, when all other component carriers are activated, but not allocated.
****************************************************************************

2.2
Comparison of LO leakage and IQ-Image impact to single CC, 2CC and 3CC scenarios
Keeping in mind that intraband CA EVM is defined only for the case where one CC is allocated we compare single CC, 2CC and 3CC configurations in terms of LO leakage and IQ-Image impact to EVM performance in Figures 1-3. LO leakage and IQ-Image performance are important contributors for EVM performance as these impairments may fall on top of own signal and when they do so the EVM performance is degraded due to additional noise.
From Figure 1 for 1 CC case we can see that both image and LO fall on top of own signal and hence this is the worst case from EVM performance point of view.
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Figure 1: Single CC
From Figure 2 we can see that in case of uplink 2CC CA image and LO do not fall on top of own signal as only one CC is allocated in EVM test. Hence uplink 2 CC case should be easier from EVM point of view than single CC case although in [1] more MPR is allowed for 2 CC case than single CC case. However, we do not propose to change the agreement. 
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Figure 2: 2CC CA

From Figure 3 we can see that in case of uplink 3CC CA image and LO do not fall on top of own signal if allocated CC is one of the outer most CC and in case the middle CC is allocated then LO and image fall on top of own signal. Hence 3CC CA is more challenging from EVM point of view in terms of LO and image performance than 2CC infact it is comparable to single CC case. However single CC case gets less MPR than 2CC.
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Figure 3: 3CC CA

2.3
Requirements
2.3.1
3CC contiguous allocation 256 QAM MPR

Contiguous allocation 256 QAM MPR is driven by EVM. EVM requirement for UL CA is only valid for case where one CC is allocated hence 3CC 256 QAM MPR can be drived from existing agreements.
In terms of LO-leakage and IQ-image effect to EVM 3CC CA and single carrier scenarios are  more challenging than 2CC as explained in 2.2. How ever single carrier MPR (5 dB) is less and 2 CC MPR (5.5 dB). To keep consistency in CA specs it is proposed to adopt 2CC MPR (5.5 dB) also for 3CC contiguous allocation case.
Proposal 1: CA bandwidth Class D (3CC) uplink intraband contiguous CA MPR = 5.5 dB for allocation sizes.

2.3.2
3CC non-contiguous allocation 256 QAM MPR

Multi-cluster MPR has been agreed for QSPK, 16-QAM and 64-QAM. For small allocation ratios it is unwanted emissions that determine the necessary MPR and the modulation format does not affect the results in practice. Larger allocation ratios where allowed MPR is lower the EVM requirement is limiting requirement. For the reasons discussed in 2.2 we think that current 2CC multi-cluster MPR can be re-used for 3CC as it allows 5.5 dB MPR which is also same as single carrier 256 QAM MPR.
Proposal 2: CA bandwidth Class D (3CC) uplink intraband non-contiguous CA MPR
MA =


8.2 


; 0 ≤ A < 0.025
9.2 - 40A

; 0.025 ≤ A < 0.05

8 – 16A

; 0.05 ≤ A < 0.16

5.5



; 0.16 ≤ A < 1

To summarize our proposal we present Table 2 where 3CC 256-QAM MPR is presented in red.

Table 2: Proposal for 3CC 256 MPR requirements

	256 QAM
	Single CC
	2CC Class B
	2 CC Class C
	3 CC Class D

	Contiguous allocation
	5 dB
	5.5 dB
	5.5 dB
	5.5 dB

	Non-contiguous allocation (large allocation ratios)
	5.5 dB
	not defined
	5.5 dB
	5.5 dB


3
Conclusion

In this contribution we have made a proposal for pending 3CC 256-QAM MPR requirement and have associated TP to TR in [3].
Proposal 1: CA bandwidth Class D (3CC) uplink intraband contiguous CA MPR = 5.5 dB for allocation sizes.

Proposal 2: CA bandwidth Class D (3CC) uplink intraband non-contiguous CA MPR
MA =


8.2 


; 0 ≤ A < 0.025
9.2 - 40A

; 0.025 ≤ A < 0.05

8 – 16A

; 0.05 ≤ A < 0.16

5.5



; 0.16 ≤ A < 1
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