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1.	Introduction
In [1], we outlined a brief work plan that recommended completion of RF requirements for the Rel. 16 NC UL CA feature (‘the feature’) in RAN4#94.
In this contribution, we present some preliminary back-off estimates for a PC3 UE operating with NC UL CA, towards completion of MPR requirements
2. 	Discussion
The work plan for this feature as discussed in [1] is reproduced below:
	Proposed Milestone
	RAN4 Meeting

	Discussion and Concept Review
	RAN4 #92, Ljubljana

	Completion of Feature Definition
	RAN4 #92Bis, Chongqing

	Completion of Signalling Details and LS to RAN2
	RAN4 #93, Reno

	Completion of RF requirements
	RAN4 #94, Athens


Table 2.0-1: Proposed work plan for enabling NC CA UL for rel-16
In [2], we established emissions criteria governing operation in NC UL CA mode. These criteria underpin any back off simulations and subsequent MPR agreements. We used these criteria to evaluate PA back-off requirements for certain select 2CC NC cases:
- DFT-s-QPSK + DFT-s-QPSK
-  CP-OFDM + CP-OFDM
The UL assumption is for true non-contiguous UL, i.e ‘simultaneous’ transmission of multiple non-contiguous CCs, 
We aim to have back off simulations for more deployment scenarios (i.e different UL CA configurations) in a future meeting. In the meantime, we think it is valuable to share our partial results to evaluate if they are consistent with results from other companies.
[bookmark: _Hlk23585936]2.1 	Simulation Results – 2x DFT-s-QPSK
Figure 2.1-1 show back off requirements for a PC3 UE configured with 2 UL DFT-s-QPSK CCs with ‘large’ gap.  ‘Large’ gap intends to convey that the CCs are sufficiently separated so ACLR exception does not apply. 
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Figure 2.1-1: Back off simulations for PC3 UE, 2x DFT-s-QPSK CCs
Observation 1: The back off requirements are dominated by the OBW requirement for NC CA for non-contiguous DFT-s-QPSK CCs. 
The other emissions criteria (non-OBW) drive a back off requirement like what is captured as MPR for contiguous UL CA. It is also noteworthy that DFT-s-QPSK is by itself a low PAPR waveform that usually has low MPR. The data in figure 2.1-1 hence represent a kind of lower bound on back off requirements for NC UL CA.
2.2 	Simulation Results – 2x CP-OFDM-QPSK
Figure 2.2-1 show back off requirements for a PC3 UE configured with 2 UL CP-OFDM-QPSK CCs with ‘large’ gap.  ‘Large’ gap intends to convey that the CCs are sufficiently separated so ACLR exception does not apply. We also evaluated back off to maintain ‘gNB EVM’, or the EVM as seen by the gNB. This definition of EVM evaluates impact to EVM with allocations spread across multiple CCs, rather than the standards definition, that limits EVM to cases with allocation in a single CC. It differs from the standards definition of EVM in also including EVM degradation due to non-liner distortion products from other allocations elsewhere in frequency.
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Figure 2.2-1: Back off simulations for PC3 UE, 2x CP-OFDM-QPSK CCs
[bookmark: _GoBack]Here too, like in observation 1 for 2x DFT-s-QPSK, the back off requirements are dominated by the OBW requirement for NC CA, for non-contiguous CP-OFDM-QPSK CCs. The back-off requirements are predictably higher that that of 2x DFT-s-QPSK due to higher PAPR of the participating CCs.
Figure 2.2-2 shows back off requirements for a PC3 UE configured with 2 UL CP-OFDM-16QAM CCs with ‘large’ gap.  Here, gNB EVM considerations require back-off equivalent to that for OBW. 
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Figure 2.2-2: Back off simulations for PC3 UE, 2x CP-OFDM-16QAM CCs
Figure 2.2-3 show back off requirements for a PC3 UE configured with 2 UL CP-OFDM-64QAM CCs with ‘large’ gap.  Due to the more stringent demands on EVM for 64QAM, the gNB EVM consideration drives back off – note that OBW requirements will be met if gNB EVM is used in the consideration for determining PA back off. 
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Figure 2.2-3: Back off simulations for PC3 UE, 2x CP-OFDM-64QAM CCs

Observation 1: Impact on EVM as seen by gNB can dominate as the mechanism that drives back off requirement
2.3 	Future Work
We intend to generalize our back off studies for > 2CCs and for power classes other than PC3 towards determining CA MPR. Also, as noted in [1], other items in the standard must also be addressed to enable NC UL CA. A non-exhaustive list is below:
· CA AMPR
· Spherical coverage requirement, for larger frequency separations than in rel. 15
· (Trivial) Adding Intra-band NC CA to applicability of clauses that only reference intra-band contiguous CA
· Any changes to equip signaling to handle ever-increasing UE CA capability message lengths [3]
3.	Conclusion
We shared some preliminary simulation results predicting back off requirements for c NC CCs in an UL CA configuration. We observed that OBW requirement is the rate-determining consideration for this activity, from a narrow standards perspective. If however, one were to also consider impact to EVM without limitation on allocation among the CCs in CA, additional back off would be needed.
Observation 1: Impact on EVM as seen by gNB can dominate as the mechanism that drives back off requirement
We also identified other aspects of the standard that must also be evaluated for possible revision to enable the NC UL CA feature.
We also identified a non-RF aspect of the standard that could stand to be optimized in keeping with NC ULCA, or indeed enhanced DL CA: the message length problem associated with the exponential increasing list of CA combinations. We discuss this aspect in more detail in a companion contribution [3].
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