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1. Introduction
In RAN4 #94-e meeting, there hasn’t been much discussion about A-MPR for PC1.5 intra-band EN-DC because companies had different understandings of baseline architecture option for PC2 intra-band EN-DC B41/n41 in Rel-15. In order to have a common understanding of the baseline architecture option and PC2 A-MPR in Rel-15, the WF [1] was approved as follows:
· Interested companies are encouraged to explain their understanding of the architecture option(s) for PC2 intra-band EN-DC for B41/n41 A-MPR.
· Interested companies are encouraged to explain what power the cell group A-MPRIM3 is applied relative to and what power the A-MPRtot is applied relative to and why.
· Interested companies are encouraged to explain what aspects of the existing PC2 A-MPR can be applied to PC1.5, and what new aspects they believe are needed for PC1.5 and why






In this contribution, we clarify the architecture options for PC2 intra-band EN-DC for B41/n41 A-MPR in Rel-15 and provide our views on A-MPR for PC1.5 intra-band EN-DC in Rel-16. 
2. B41/n41 A-MPR for PC2 intra-band EN-DC in Rel-15
In this section, we will take a look at how B41/n41 A-MPR for PC2 intra-band EN-DC was developed in Rel-15. Firstly, we have checked companies’ previous measurement setups that were used to develop the A-MPR for PC2. After checked all the previous measurement setups, companies actually used 23dBm + 23dBm to develop the A-MPR for PC2 and their measurement setups can be listed as follows:
· A-MPR for DC_41A_n41A [2]
2.2 Assumptions for measurements
To find out how much A-MPR is needed for a dual PA/dual antenna architecture we conducted some measurements. These are the assumptions for determining the required A-MPR:

Antenna Cross-coupling: 10dB (as has been used by 3GPP all the time)
Frontend loss between PA and antenna: Real losses taken into account for measurements
Leakage signal from other antenna at antenna port: 13dBm (for 2x23dBm nominal output power, 10dB antenna coupling loss, Frontend loss to be subtracted for leakage into PA output)
Power level at each Antenna port: 2x23dBm for PC2
Power distribution: Equal power, regardless of RB allocation (most likely the worst case, needs to be checked)








· Measurements for Band41/n41 EN-DC A-MPR [3]
Test Setup
The DUT is an integrated RF Front end module from Qorvo, QM78062, which contains mid-band & high band filters, many of which are in a multiplexer configuration. It was not specifically designed for NR, but rather LTE and more specifically 60MHz LTE in B41, under both PC2 and PC3 power class conditions and in either ET or APT modes of operation.
· Pmax 23dBm at each Phone antenna connector, 24dBm at each module output
· 1dB PAD to add to 3dB Post-PA loss inside the PA module, resulting in total of targeted ~4dB loss
· MPR1 23dBm + 23dBm at antenna connectors 
· Equal backoff test cases step down by 1dB of each module output till all SEM and Spurious Emission meet spec with 3dB margin 
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· [NR] Band 41 contiguous UL intra-band EN-DC required back-off [4]

These measurements were made with 0, 1, 2, 4, 6, 9 and 12dB or 0, 3, 4, 6, 9 and 12dB back-off from a Ptotal of 26dBm, same back-off is applied to both LTE and NR carriers.

Results:
Back-off is referenced to a Ptotal of 26dBm (PC2) and is the same on both carriers, the P_LTE and P_NR are deducted from equal PSD or equal power split. i.e a 7dB back-off means:
· A Ptotal of 19dBm
· For 1RB LTE + 10RB NR (15kHz): P_LTE=8.6dBm, P_NR=18.6dBm






Based on their measurement setups in [2], [3], and [4], a total sum power of 26dBm or 23dBm at each antenna connector was used to develop the A-MPR for PC2 intra-band EN-DC in Rel-15.
Observation 1: The measurement setup of a total sum power of 26dBm or 23dBm at each antenna connector was used to develop the A-MPR for PC2 intra-band EN-DC in Rel-15.
As mentioned above, Pmax 23dBm at each phone antenna connector was used as a measurement setup to develop the A-MPR for PC2 intra-band EN-DC in [3] and its A-MPR evaluation summary tables are shown below. After analyzed the A-MPR evaluation summaries, we found out that 3dB A-MPR value has been added to A-MPR of 23dBm +23dBm for developing A-MPR of 26dBm +26dBm. Apparently, the A-MPR for the architecture option of 26dBm + 26dBm was developed by adding 3dB to the A-MPR of 23dBm + 23dBm not by measuring each RAT at 26dBm.
	
	A-MPR Evaluation Summary
	A-MPR (relative to PC2 23dBm+23dBm per-RAT max of 23dBm)
	

	Test #
	 
	ET*(NR)-APT(LTE)
	APT(NR)-APT(LTE)
	Units

	1
	1RB+1RB (max separation)
	3
	3
	0
	0
	dBm

	2
	1RB+1RB (NR RB81, LTE RB49)
	5
	5
	0
	0
	dBm

	3
	NR25RB+LTE50RB (max separation)
	0
	0
	0
	0
	dBm

	4
	1RB+1RB Special Case(max separation)
	0
	0
	0
	0
	dBm

	5
	162RB+100RB
	0
	0
	0
	0
	dBm

	6
	3RB (NR)+1RB (LTE) (max separation) 
	3
	3
	0
	0
	dBm

	
	
	
	
	
	
	

	
	
	*ET Applied to the NR transmitter
	
	



	
	A-MPR Evaluation Summary
	A-MPR (relative to PC2 max of 26dBm)
	

	Test #
	 
	ET*(NR)-APT(LTE)
	APT(NR)-APT(LTE)
	Units

	1
	1RB+1RB (max separation)
	6
	6
	3
	3
	dBm

	2
	1RB+1RB (NR RB81, LTE RB49)
	8
	8
	3
	3
	dBm

	3
	NR25RB+LTE50RB (max separation)
	3
	3
	3
	3
	dBm

	4
	1RB+1RB Special Case(max separation)
	3
	3
	3
	3
	dBm

	5
	162RB+100RB
	3
	3
	3
	3
	dBm

	6
	3RB (NR)+1RB (LTE) (max separation) 
	6
	6
	3
	3
	dBm

	
	
	
	
	
	
	

	
	
	*ET Applied to the NR transmitter
	
	



Observation 2: Although Rel-15 A-MPR for PC2 intra-band EN-DC can cover both architecture options 
(1. 23dBm+23dBm 2. 26dBm+26dBm), there was no measurement result for the architecture option of 26dBm + 26dBm when developed A-MPR for PC2 intra-band EN-DC in Rel-15 and all the measurement results are based on the architecture option of 23dBm +23dBm.
3. The architecture options for PC2 intra-band EN-DC
In RAN4#86 meeting, the WF [5] was approved to define 5G NR PC2 HPUE for SA scenario as follows:
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In [5], there is a statement that only PA configurations of 23+23dBm for UL MIMO and 26dBm for 1Tx are supported by specification for NR TDD bands for PC2 UE in Rel-15. Furthermore, in a case where PC2 inter-band EN-DC is supported by TDD bands (ex. DC_41A_n79A), a UE is not required to support PC2 within each individual cell group [6]. In addition, RAN4 has been discussing on switching period between two FR1 uplink carriers (UL MIMO, EN-DC, UL CA, and SUL) and this WI implies that tx switching between two uplink carriers can enable 2Tx on NR carrier together with EN-DC, UL, and UL CA by using the same RF architectures. Since the same PA at NR is shared between UL-MIMO (2Tx 23dBm + 23dBm) and EN-DC, it is more likely to be assumed that the architecture option of 23dBm + 23dBm can be supported as baseline for PC2 intra-band EN-DC B41/n41 in Rel-15.
Observation 3: The architecture option of 23dBm + 23dBm can be used as baseline for PC2 intra-band EN-DC in Rel-15 if the same PA at NR side is shared between PC2 UL-MIMO (23dBm +23dBm) and EN-DC.
Since a total sum power of PC1.5 is 29dBm, the architecture option of 26dBm + 26dBm can be used as baseline in Rel-16. Moreover, it is reasonable to use the same A-MPR to PC1.5 and PC2 under the assumption of using the architeture option of 26dBm + 26dBm. Since Rel-15 A-MPR for PC2 has been developed based on the architecture option of 23dBm +23dBm, Rel-15 PC2 A-MPR cannot be reused for PC1.5. Therefore, RAN4 should define A-MPR for PC1.5 by using the architeture option of 26dBm +26dBm in Rel-16.
Observation 4: For PC1.5 requirements, the architecture option of 26dBm +26dBm can be used as baseline in Rel-16.
Observation 5: Since Rel-15 A-MPR for PC2 has been developed based on the architecture option of 23dBm + 23dBm, Rel-15 PC2 A-MPR cannot be reused for PC1.5.
Proposal 1: RAN4 should define B41/n41 A-MPR for PC1.5 intra-band EN-DC by using the architecture option of 26dBm + 26dBm in Rel-16.
4. A-MPRtot and A-MPRIM3 in TS38.101-3
In this section, there will be some explanation about A-MPRtot and A-MPRIM3. In [7], A-MPRtot is used for the total configured transmission power when a UE supporting dynamic power sharing and its equation can be shown as below.

[image: ]
As shown in above the equation, A-MPRtot is dependent on PpowerClass, EN-DC and relative to PC2 EN-DC (a total sum power of 26dBm). Whenever a total power sum of PC2 EN-DC exceeds 26dBm, the equation itself limits the total sum power by taking a minimum power between the maximum PC2 EN-DC power between the total sum power between LTE and NR.

Observation 6: A-MPRtot is relative to PC2 EN-DC which is a total sum power of 26dBm between LTE and NR.

As stated in [7], a UE chooses the allocation configuration case and the value of A-MPRIM3 as follows:

[image: ]
For A-MPRIM3, different values of A-MPRIM3 can be applied to each RAT and the values are dependent on IM3’ allocation configuration. For instance, A-MPRIM3 for NS_04 to meet -25dBm will be used when the IM3 is less than 2490.5 MHz and A-MPRIM3 for NS_04 to meet -13dBm will be used for the other cases. Then, what power the cell group A-MPRIM3 is applied relative to? According to TS38.101-3, the A-MPRIM3 is applied to both the architecture options of 23dBm + 23dBm and 26dBm + 26dBm. 

Observation 7: The A-MPRIM3 in 6.2B.3.1.2.1 and 6.2B.3.1.2.2 are applied relative to two architecture options of 23dBm + 23dBm and 26dBm + 26dBm.
A relationship between A-MPRtot and A-MPRIM3 depending on the different power levels of PPowerClass,E-UTRA and PPowerClass,NR has been observed.

A-MPRtot = PPowerClass,EN-DC – min(PPowerClass,EN-DC ,10*log10(10^((PPowerClass,E-UTRA - A-MPRE-UTRA)/10) + 10^((PPowerClass,NR - A-MPRNR)/10))
	EN-DC
	LTE
	NR
	PPowerClass,
EN-DC
	PPowerClass,
E-UTRA
	PPowerClass,
NR
	A-MPRIM3
	A-MPRtot

	PC2
	PC2
	PC2
	26
	26
	26
	6
	3

	PC2
	PC3
	PC3
	26
	23
	23
	6
	6



When PPowerClass,EN-DC = 26dBm, PPowerClass,E-UTRA = 23dBm, and PPowerClass,NR = 23dBm, A-MPRIM3 = 6dB is applied to each RAT (LTE and NR), A-MPRtot can be calculated by the above equation and its A-MPRtot value is 6dB which is the same values as 6dB A-MPRIM3. By applying 23dBm for both PPowerClass,E-UTRA and PPowerClass,NR, the A-MPRtot will be the same as A-MPRIM3 whenever any value of A-MPRIM3 is applied to each RAT (LTE and NR). Let’s take a look at when 6dB A-MPRIM3 is applied to each RAT (LTE and NR) when PPowerClass,EN-DC = 26dBm, PPowerClass,E-UTRA = 26dBm, and PPowerClass,NR = 26dBm. As a result, its A-MPRtot will not be the same as A-MPRIM3. Apparently, its calculated A-MPRtot is 3dB and this means that there is 3dB difference between A-MPRIM3 and A-MPRtot when PPowerClass,EN-DC = 26dBm, PPowerClass,E-UTRA = 26dBm, and PPowerClass,NR = 26dBm.
 
Observation 8: A-MPRtot is always 3dB below A-MPRIM3 when PPowerClass,E-UTRA = 26dBm and PPowerClass,NR = 26dBm and this implies that 0dB A-MPRtot means 3dB A-MPRIM3 on each RAT.
Observation 9: A-MPRtot and A-MPRIM3 are always the same when PPowerClass,E-UTRA = 23dBm and PPowerClass,NR = 23dBm and this implies that 0dB A-MPRtot means 0 dB A-MPRIM3 on each RAT.
6. A-MPR for PC1.5 intra-band EN-DC in Rel-16
Based on our observations, the A-MPR for PC2 intra-band EN-DC in Rel-15 was developed by using the measurement setup of a total sum power of 26dBm or 23dBm at each antenna connector. However, the A-MPR for PC2 Rel-15 can be applied to two different architecture options which are based on 23dBm + 23dBm and 26dBm + 26dBm since the specification states “A-MPR in this clause is relative to 26dBm for a power class 2 Cell Group. The same A-MPR is used relative to 23dBm for a power class 3 Cell Group”. In order to find a common ground, we propose A-MPR for PC1.5 intra-band EN-DC in Rel-16 to cover all the possible architecture options of intra-band EN-DC (PC2 = PC3 + PC3, PC2 = PC2 + PC2, PC1.5 = PC2 + PC2). Our proposal reflects real practical implementation margins such as antenna isolation, non-linearity of PA, and several important form factors of a phone. As shown in below, our proposals for NS_04 SEM (-13dBm/MHz), NS_04 additional SE (-25dBm/MHz), and general -30dBm/MHz are provided.
Table 1 Proposal for PC1.5 A-MPR to meet -13dBm/MHz
	<PC1.5 A-MPR for NS_04 additional SEM to meet -13 dBm/MHz>

	[image: ]
	A-MPRIM3 for NS_04 additional SEM to meet 
-13 dBm/MHz = MA where MA is defined as follows:

MA =
   12 dB; 0≤B<0.54
      10 dB; 0.54≤B<1.08
    8 dB; 1.08≤B<5.4
   6 dB; 5.4≤B<8.1
    5 dB; 8.1≤B<13.5
4 dB; 13.5≤B



Table 2 Proposal for PC1.5 A-MPR to meet -25dBm/MHz
	<PC1.5 A-MPR for NS_04 SE to meet -25 dBm/MHz>

	[image: ]
	A-MPRIM3 for NS_04 SE to meet -25 dBm/MHz = MA where MA is defined as follows:

MA = 
  15 dB; 0≤B<1.08
    14 dB; 1.08≤B<5.4
   13 dB; 5.4≤B<8.1
    12 dB; 8.1≤B<10.8
     11 dB; 10.8≤B<13.5
     10 dB; 13.5≤B<21.6
9 dB; 21.6≤B



Table 3 Proposal for PC1.5 A-MPR to meet -30dBm/MHz
	<PC1.5 A-MPR for general SE to meet -30 dBm/MHz>

	[image: ]
	A-MPRIM3 for general SE to meet -30 dBm/MHz = MA where MA is defined as follows:

MA = 
 18 dB; 0≤B<1.08
    17 dB; 1.08≤B<2.16
   16 dB; 2.16≤B<2.7
  15 dB; 2.7≤B<5.4
   14 dB; 5.4≤B<10.8
13 dB; 10.8≤B



Proposal 2: It is proposed to take Table1, Table2, and Table3 as B41/n41 A-MPR curves for PC1.5 intra-band EN-DC in Rel-16.  
7. General MPR for PC2 intra-band EN-DC in Rel-16
In RAN4#94-e meeting, there has been discussion about introducing the same allocation aware changes from B41/n41 intra-band EN-DC A-MPR to general MPR for intra-band EN-DC. From our point of view, there hasn’t been any details about baseline PA architecture and assumptions of general MPR, especially for intra-band contiguous EN-DC. For the intra-band contiguous EN-DC, there are no other bands that require a dual PA architecture with two separate antenna except for B41/n41. For instance, DC_(n)71AA’s requirements has been developed based on a single PA architecture. Therefore, the general MPR of intra-band contiguous EN-DC should be developed as a minimum requirement by using a single PA architecture. If there is a need for introducing the dual PA architecture in the future, then RAN4 can do some works to make a separate requirement for enhancement. For the intra-band non-contiguous MPR, it could adapt the same allocation aware changes from Rel-15 PC2 A-MPR since the dual PA architecture can be supported.
Observation 10: No other bands except for B41/n41 EN-DC require a dual PA architecture with two separate antennas for intra-band EN-DC.
Observation 11: The requirements of DC_(n)71AA has been developed based on a single PA architecture.
Proposal 3: RAN4 should define a minimum requirement for general MPR of intra-band contiguous EN-DC based on the assumption of single PA architecture in Rel-16.
Observation 12: The dual PA architecture can be supported for inter-band CA and intra-band non-contiguous EN-DC.
Proposal 4: The same allocation aware changes with Rel-15 PC2 A-MPR could be adapted to the intra-band non-contiguous EN-DC as general MPR.
8. Conclusion
8.1 B41/n41 A-MPR for PC2 intra-band EN-DC in Rel-15
Observation 1: The measurement setup of a total sum power of 26dBm or 23dBm at each antenna connector was used to develop the A-MPR for PC2 intra-band EN-DC in Rel-15.
Observation 2: Although Rel-15 A-MPR for PC2 intra-band EN-DC can cover both architecture options 
(1. 23dBm+23dBm 2. 26dBm+26dBm), there was no measurement result for the architecture option of 26dBm + 26dBm when developed A-MPR for PC2 intra-band EN-DC in Rel-15 and all the measurement results are based on the architecture option of 23dBm +23dBm.
8.2 The architecture options for PC2 intra-band EN-DC
Observation 3: The architecture option of 23dBm + 23dBm can be used as baseline for PC2 intra-band EN-DC in Rel-15 if the same PA at NR side is shared between PC2 UL-MIMO (23dBm +23dBm) and EN-DC.
Observation 4: For PC1.5 requirements, the architecture option of 26dBm +26dBm can be used as baseline in Rel-16.
Observation 5: Since Rel-15 A-MPR for PC2 has been developed based on the architecture option of 23dBm + 23dBm, Rel-15 PC2 A-MPR cannot be reused for PC1.5.
8.3 A-MPRtot and A-MPRIM3 in TS38.101-3
Observation 6: A-MPRtot is relative to PC2 EN-DC which is a total sum power of 26dBm between LTE and NR.
Observation 7: The A-MPRIM3 in 6.2B.3.1.2.1 and 6.2B.3.1.2.2 are applied relative to two architecture options of 23dBm + 23dBm and 26dBm + 26dBm.
Observation 8: A-MPRtot is always 3dB below A-MPRIM3 when PPowerClass,E-UTRA = 26dBm and PPowerClass,NR = 26dBm and this implies that 0dB A-MPRtot means 3dB A-MPRIM3 on each RAT.
Observation 9: A-MPRtot and A-MPRIM3 are always the same when PPowerClass,E-UTRA = 23dBm and PPowerClass,NR = 23dBm and this implies that 0dB A-MPRtot means 0 dB A-MPRIM3 on each RAT.
8.4 General MPR for PC2 intra-band EN-DC in Rel-16
Observation 10: No other bands except for B41/n41 EN-DC require a dual PA architecture with two separate antennas for intra-band EN-DC.
Observation 11: The requirements of DC_(n)71AA has been developed based on a single PA architecture.
Observation 12: The dual PA architecture can be supported for inter-band CA and intra-band non-contiguous EN-DC.
Proposal 1: RAN4 should define B41/n41 A-MPR for PC1.5 intra-band EN-DC by using the architecture option of 26dBm + 26dBm in Rel-16.
Proposal 2: It is proposed to take Table1, Table2, and Table3 as B41/n41 A-MPR curves for PC1.5 intra-band EN-DC in Rel-16.  
Proposal 3: RAN4 should define a minimum requirement for general MPR of intra-band contiguous EN-DC based on the assumption of single PA architecture in Rel-16.
Proposal 4: The same allocation aware changes with Rel-15 PC2 A-MPR could be adapted to the intra-band non-contiguous EN-DC as general MPR.
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Background
The following NR bands were approved to support PC2 HPUE for
5G NR[1][2][3]:
* Band n41 (2496 — 2690 MHz)

UL-MIMO (2Tx 23+23dBm) and 1Tx 26dBm are supported for NR Band n41
*Band n77 (3.3 -4.2 GHz)

* Band n78 (3.3 - 3.8 GHz)
*Band n79 (4.4 - 5 GHz)

References
« [1] R4-1706068 WF on high power UE for 3.5GHz cMcc
« [2] R4-1709974 WF on HPUE requirements in Rel15 Huawei, HiSilicon

« [3] R4-1801190 WF on HPUE definition for NR PC2 UE cMcc
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Proposals

5G NR PC2 HPUE definition for SA scenario:
*UL MIMO (2Tx 23+23dBm) with total output

power of 26dBm is supported by specification for
NR Bands n77,n78,n79

*1Tx +26dBm HPUE is also supported by
specification for NR Bands n77,n78,n79

Only PA configurations of 23+23dBm for UL MIMO and
26dBm for 1Tx are supported by specification for NR TDD
bands for PC2 UE in Rel-15
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A-MPRiot = ProwerClass EN-DC — MiN(PpowerClassEN-DC 510*10g10(10™((PpowerClass E-UTRA - A-MPRE-UTRA)/10) + 10" ((PPowerClass Nk
- A-MPRxr)/10))-

where.
A-MPREg utra = MAX( A-MPRiingle E-UTRA + MPRiingle E-UTRA, A-MPRy3 )
with.
- A-MPRuingle 5-uTra iS the A-MPR defined for the E-UTRA transmission in TS 36.101 [4]-
- A-MPRuingtenwr is the A-MPR defined for the NR transmission in TS 38.101-1 [2]-

- MPRuinglez-uTrA is the MPR defined for the E-UTRA transmission in TS 36.101 [4]-
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Tl"he UE determines the Allocation Configuration Case and the value of A-MPRyy; as follows:.

If Fivs tow_blocklow < 2490.5 MHz.

Allocation Configuration Case B. A-MPRyy; defined in Clause 6.2B.3.1.2.2.
Else.
Allocation Configuration Case A. A-MPRypy; defined in Clause 6.2B.3.1.2.1.
where.
- Frvsow_blocktow = (2 * Flow_alloc low_edge) — Fhigh_alloc high_edge.
- Flow alloc,low_edge is the lowermost frequency of lower transmission bandwidth configuration...

- Fhigh_alioc high_edge 1S the uppermost frequency of upper transmission bandwidth configuration..
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