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In [1], we performed MPR measurements for a few test cases in EN-DC_(n)71B. The complexity of MPR/A-MPR evolution is directly related to evaluation assumptions. In this contribution, we provide our view on general assumptions for MPR/A-MPR evaluations in (n)71B in order to accelerate the MPR/A-MPR evaluation process by May, 2018.
Discussion
Should power reduction be applied to NR or both NR & LTE?
In [2], Section 2.3 & Observation 4, provided 2 options and left the answers open:
1. Power reduction is applied simultaneously to each (LTE and NR) carriers.
1. Power reduction is applied to NR carrier only.

This decision has a deciding impact on MPR/A-MPR design, so it needs to be taken in this meeting if 71B_MPR/A-MPR is to be finalized by May.

Observation #1: The decision on whether to apply power reduction to only NR or both NR & LTE in intra-band DC cases needs to be taken in this Meeting if the aim is to finalize DC_(n)71B by May. 

Looking at the 2 options, we see the following pros and cons:
1) Option 1 will result in lower MPR/A-MPR levels. This translates into better throughput in mid-range scenarios. Full throughput will be achievable for longer distances from Base Station. This is because at distances where NR carrier is power-limited in Option 2, but not in Option 1, this power limitation will cause throughput degraded for NR carrier, and no fully compensating throughput increase in LTE carrier can be expected.
2) Option 1 is consistent with the LTE intra-band UL CA approach. This means we can re-use approaches and results from intra-band UL CA case, speeding up definition. Note that all investigations to date were done with this assumption. 
3) In Option 1, if MPR/A-MPR is too high, the anchor link may be lost. This can be a problem in far cell scenarios. However, a simple scheduling solution to this problem is to only schedule LTE (or only NR) if in this kind of situation, similar to only scheduling PCC in intra-band UL CA. 
4) With Option 2, we will have many very severe PSD inequality scenarios, with NR carrier much weaker than LTE. This will mean a “baseline” noise for NR caused either by IQ image or ACLR from LTE carrier that does not get better with A-MPR.  This in practice means that, especially for higher Modulations, NR EVM targets will not be possible to meet with any amount of A-MPR.
Our preference is Option 1, due to reasons 1&2&4, higher experienced UE throughput and ability to finalize faster. 
Proposal #1: Power reduction shall be applied to both NR & LTE. This is to improve UE throughput and to enable faster finalization.  
Option 1 presents one issue. LTE power reduction cannot change within 1 TTI. If that happens during a TTI, that will destroy UL LTE signal. This could be an issue because NR might have shorter TTIs, and more frequent power / RB allocation changes, for SRS, short PUCCH etc., especially for higher SCS NR carriers. This power reduction change needs to be prevented. Simplest way to do that is to evaluate power reduction only once per sub-frame, based on the worst value from the allocations in the sub-frame. This is already the approach in LTE. 

Proposal #2: Power reduction shall be evaluated only once per sub-frame (1ms), highest of the values for the sub-frame shall be taken for the whole sub-frame. 

MPR/A-MPR for Single Active RAT cases
It is noted that only NR and only LTE cases do not need additional MPR to fulfill spectrum requirements. Using the legacy NR/LTE values would assure that the DC coverage is same as in LTE-only case, and that the power reduction is sufficient for the modulation chosen.
Proposal #3: For only LTE active or only NR active within the sub-frame cases, standard single carrier NR/LTE MPR & A-MPR shall apply. There shall be no additional DC A-MPR. 

MPR/A-MPR PSD Imbalance
In practical usage scenarios, PSD of each carrier will often be different. This will cause worse EVM to the weaker carrier due to IQ image (if 1PA architecture) or ACLR (if 2PA architecture).
Assuming borderline UE that is limited by either IQ image or ACLR in equal PSD case, each 6dB PSD difference will degrade weaker carrier EVM by 6dB (doubled %EVM). If we specify EVM measurement conditions to be with unequal PSD, we in practice tighten the EVM & IQ image requirements by the PSD delta. This will create potential severe degradation to the performance. 
In practical scenarios, thanks to Closed Loop, in not power-limited cases, the system will tend towards Noise + required SNR for each carrier, so roughly to equal PSD, as long as MCS are not too far apart. 
 Proposal #4: Do not consider unequal PSD cases for MPR/A-MPR EVM evaluation. 

General Design of power reduction for DC_(n)71B
In LTE, there are 2 ways of applying A-MPR, for single carrier it is additive to MPR, for UL CA, Max(MPR,A-MPR) is applied. Our preference would be to use the Max approach, since it is easier to specify overall values than additive, especially since MPR is calculated differently for both carriers.
Another issue is what MPR to follow, NR or LTE? For combined power we need one value, and for carriers separately it would be beneficial also to have a single value to avoid power imbalance. Our proposal is to take the max(MPRLTE,MPRNR).
Proposal #5: Power reduction for each carrier, as well as combined power, shall be calculated as Max(A-MPR,MPRLTE,MPRNR). 


DC_(n)71B A-MPR Design
Two reasons for A-MPR are EVM and ACLR/SEM emissions. EVM generally doesn’t have a strong dependency on RB allocation. ACLR/SEM does have a strong dependency. Therefore, our proposal would be to specify EVM A-MPR and Emissions A-MPR separately and take maximum of the 2.  
Proposal #6: A-MPR shall be calculated as Max(A-MPREVM,A-MPREmiss) for cases when both carriers are active.

As a reminder, we assume no A-MPR for single carrier cases, see proposal #3.


Definition of EVM A-MPR
EVM MPR should ensure correct EVM of our signal, assuming same PSD of both carriers. For NR, Inner RB allocation MPR corresponds to EVM-limited MPR. For 2 carriers the required MPR will be higher, due to additional PAPR. Rough estimate would be 1dB. 
Proposal #7: Base A-MPREVM  on NR Inner RB allocation + offset due to 2 carriers

Since LTE & NR can have different modulations, worst case between the 2 should be taken.

Proposal #8: Take worst case A-MPREVM  across 2 used carriers

Table 1.1.1-1 Proposed EVM A-MPR table format
	Modulation NR
	Modulation LTE
	MPR (dB)

	DFT-s-OFDM PI/2 BPSK
	
	0 [+1]

	DFT-s-OFDM QPSK
	QPSK
	0 [+1]

	DFT-s-OFDM 16 QAM
	16 QAM
	≤ 1 [+1]

	DFT-s-OFDM 64 QAM
	64 QAM 
	≤ 2.5 [+1]

	DFT-s-OFDM 256 QAM
	256 QAM
	4.5 [+1]

	CP-OFDM QPSK
	
	≤ 1.5 [+1]

	CP-OFDM 16 QAM
	
	≤ 2 [+1]

	CP-OFDM 64 QAM
	
	≤ 3.5 [+1]

	CP-OFDM 256 QAM
	
	≤ 6.5[+1]




Definition of Emissions A-MPR
Our suggestion is not to define the contiguous allocation A-MPR, and instead consider all allocations spanning both NR & LTE as non-contiguous. In practical deployments, RB allocation is never contiguous, apart from single RAT being active cases, even in the LTE UL CA sense, because of:
1) gap between NR &  LTE carriers
2) A few RBs on carrier edges are reserved for PUCCH, and can’t be used for PUSCH
Proposal #9: Do not specify Contiguous allocation Emissions A-MPR. Treat all allocations spanning both NR & LTE as non-contiguous for the purposes of A-MPR.
From our simulations, the modulation generally did not have a large impact on ACLR/SEM. OFDM type did however have a sizeable impact. 
Proposal #10: Specify Emissions A-MPR separately for cases when CP-OFDM and DFT-s-FODM is used on NR carrier 
Our suggestion would be to re-use the LTE structure for Emission A-MPR specification. Inner/outer-based structures could also be considered. 
Proposal #11: Use LTE-style non-contiguous RB Alloc MPR as baseline structure for Emissions A-MPR.
Conclusion
We provide our views and analysis on how to design MPR/A-MPR work on (n)71B. We observe and propose the following:
Observation #1: The decision on whether to apply power reduction to only NR or both NR & LTE in intra-band DC cases needs to be taken in this Meeting if the aim is to finalize DC_(n)71B by May. 

Proposal #1: Power reduction shall be applied to both NR & LTE. This is to improve UE throughput and to enable faster finalization.  
Proposal #2: Power reduction shall be evaluated only once per sub-frame (1ms), highest of the values for the sub-frame shall be taken for the whole sub-frame. 

Proposal #3: For only LTE active or only NR active within the sub-frame cases, standard single carrier NR/LTE MPR & A-MPR shall apply. There shall be no additional DC A-MPR. 

Proposal #4: Do not consider unequal PSD cases for MPR/A-MPR EVM evaluation. 

Proposal #5: Power reduction for each carrier, as well as combined power, shall be calculated as Max(A-MPR,MPRLTE,MPRNR). 

Proposal #6: A-MPR shall be calculated as Max(A-MPREVM,A-MPREmiss) for cases when both carriers are active.

Proposal #7: Base A-MPREVM  on NR Inner RB allocation + offset due to 2 carriers

Proposal #8: Take worst case A-MPREVM  across 2 used carriers
Proposal #9: Do not specify Contiguous allocation Emissions A-MPR. Treat all allocations spanning both NR & LTE as non-contiguous for the purposes of A-MPR.
Proposal #10: Specify Emissions A-MPR separately for cases when CP-OFDM and DFT-s-FODM is used on NR carrier 
[bookmark: _GoBack]Proposal #11: Use LTE-style non-contiguous RB Alloc MPR as baseline structure for Emissions A-MPR.
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