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1. Introduction

This contribution is an update to [1].  Power class 2 to enable maximum output power of 26 dBm has been defined for Band 41.  More recently, a work item was agreed to define requirements for power class 2 with intra-band contiguous uplink carrier aggregation in Band 41.  This contribution examines the A-MPR needed to meet CA_NS_04 emission requirements. 
2. Discussion

For CA_41C uplink carrier aggregation, the network signaling value CA_NS_04 has been defined to allow the network to indicate to the UE that additional emission requirements are to be met due to regional regulations.  These additional emission requirements include a SEM that is different from the general SEM as well as additional spurious emissions.  The emission requirements for CA_NS_04 are detailed in [2].  These CA_NS_04 requirements are in addition to the general requirements as also studied in [3], including an assumption on CA E-UTRA ACLR of 31 dB.  

Compared to the existing A-MPR [4], the A-MPR simulated in this contribution is expected to differ in three important ways.  Firstly, the updated CA_NS_04 SEM requirement according to [2] is relaxed compared to the existing SEM.  In fact, it is not significantly different from the general SEM mask for class C uplink intra-band CA.  However, the updated CA_NS_04 requirement imposes an additional spurious emission that was not present previously.  This will impact low channels where larger A-MPR will be necessary.  Lastly, the A-MPR derived in this contribution is based on a PC2 PA model, whereas the existing A-MPR is based on a PC3 PA model.  The results in this paper are derived from a single PA model.
2.1.1. Contiguous allocations

The CA_NS_04 A-MPR for contiguous allocations in CA_41C for PC3 is shown below

Table 6.2.4A.4-1: Contigous Allocation A-MPR for CA_NS_04

	CA Bandwidth Class C
	RBStart
	LCRB [RBs]
	RBstart + LCRB [RBs]
	A-MPR for QPSK [dB]
	A-MPR for 16 QAM, 64 QAM and 256 QAM [dB]

	50RB / 100 RB
	0 – 44 and 105 – 149
	>0
	N/A
	≤4dB
	≤4dB

	
	45 – 104
	N/A
	>105
	≤3dB
	≤4dB

	75 RB / 75 RB
	0 – 44 and 105 – 149
	>0
	N/A
	≤4dB
	≤4dB

	
	45 – 104
	N/A
	>105
	≤4dB
	≤4dB

	100 RB / 75 RB
	0 – 49 and 125 – 174
	>0
	N/A
	≤4dB
	≤4dB

	
	50 - 124
	N/A
	>125
	≤3dB
	≤4dB

	100 RB / 100 RB
	0 – 59 and 140 – 199
	>0
	N/A
	≤3dB
	≤4dB

	
	60– 139
	N/A
	>140
	≤3dB
	≤4dB

	NOTE 1:
RBstart indicates the lowest RB index of transmitted resource blocks

NOTE 2:
LCRB is the length of a contiguous resource block allocation

NOTE 3:
For intra-subframe frequency hopping which intersects regions, notes 1 and 2 apply on a per slot basis

NOTE 4:
For intra-subframe frequency hopping which intersects regions, the larger A-MPR value may be applied for both slots in the subframe


Simulations were conducted to determine the A-MPR needed for PC3.  It is noted when CA_NS is sent by the network, the A-MPR represents the total backoff allowed.  In other words, MPR can be interpreted to be zero.  Moreover, the simulations conducted included all of the bandwidths presented defined for CA_41C including not only those listed above for PC3, but also 5+20 MHz and 10+15 MHz.  

Because the additional spurious emission requirements are imposed below the band, simulations were run at the lower edge of the band where the impact of these additional spurious emission requirements would be greatest, as well as at the upper edge of the band where there would be no impact from these requirements.  Therefore, the A-MPR will differ depending on the frequency of the channel.  Simulations on lower channels show that approximately 4 dB of A-MPR is needed for worst case waveforms, but only about 2.5 dB for upper channels.  It has been observed that the SEM requirement that is dominant for upper frequency channels is not significantly different from the general SEM mask for class C uplink intra-band CA.  Therefore, for upper frequency channels, the MPR can be reused for A-MPR recognizing that under CA_NS signaling, MPR is not automatically given.

For lower channels, the following A-MPR for contiguous allocation is provided for consideration.
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A-MPR for QPSK 

[dB]

A-MPR for 16QAM 

[dB]

A-MPR  for 64QAM 

[dB]

0 – 42 >0 N/A ≤3.5dB ≤4dB ≤4dB

43 – 81 N/A >82 ≤1dB ≤1.5dB ≤1.5dB

82 – 124 >0 N/A ≤1dB ≤1.5dB ≤1.5dB

0 – 52 >0 N/A ≤4dB ≤4dB ≤4dB

53 – 94 N/A >95 ≤1dB ≤1.5dB ≤1.5dB

95 – 149 >0 N/A ≤1dB ≤1.5dB ≤1.5dB

0 – 54 >0 N/A ≤4dB ≤4dB ≤4dB

55 – 94 N/A >95 ≤2dB ≤2.5dB ≤2.5dB

95 – 149 >0 N/A ≤1.5dB ≤2dB ≤2dB

0 – 64  >0 N/A ≤3.5dB ≤4dB ≤4dB

65 - 114 N/A >115 ≤2dB ≤2.5dB ≤2.5dB

115 – 174 >0 N/A ≤1dB ≤1.5dB ≤2dB

0 – 69  >0 N/A ≤3.5dB ≤4dB ≤4dB

70 – 129 N/A >130 ≤2dB ≤2.5dB ≤2.5dB

130 – 199 >0 N/A ≤1.5dB ≤1.5dB ≤2dB

NOTE 3: For intra-subframe frequency hopping which intersects regions, notes 1 and 2 apply on a per slot basis

NOTE 4: For intra-subframe frequency hopping which intersects regions, the larger A-MPR value may be applied for both slots in the subframe

25RB / 100 RB

50RB / 100 RB

75 RB / 75 RB

100 RB / 75 RB

100 RB / 100 RB

NOTE 1: RB

start

 indicates the lowest RB index of transmitted resource blocks

NOTE 2: L

CRB

 is the length of a contiguous resource block allocation


The boundary between lower channels and upper channels is still under study.
2.1.2. Non-contiguous allocations

Simulations for CA_NS_04 A-MPR for non-contiguous allocations in CA_41C are summarized in a proposed mask below.  The A-MPR is independent of modulation, at least for QPSK, 16QAM, and 64QAM.  256QAM uplink for PC2 has not been studied for this contribution.
For low frequency channels, the following mask is proposed

A-MPR = CEIL {MA, 0.5}

MA 
= 13.0,

 



0≤ A < 0.05

= 15.33 – 46.67A,

0.05≤ A < 0.20
= -7.0 – 5.0A, 


0.20≤ A < 0.50

= 4.5,





0.50 ≤ A ≤ 1.

Where A = NRB_alloc / NRB_agg.

For high frequency channels, the following mask is proposed

A-MPR = CEIL {MA, 0.5}

MA 
= 8.2,

 



0.00 ≤ A < 0.04
= 9.8 – 40.0A,


0.04≤ A < 0.075

= 8.0 – 16.0A, 


0.075 ≤ A < 0.25
= 4.83 – 3.33A,


0.25 ≤ A < 0.40

= 3.83 – 0.83A,


0.075 ≤ A ≤ 0.25

Where A = NRB_alloc / NRB_agg.

This is a slight modification from the PC3 MPR mask for uplink CA bandwidth class C.  

3. Conclusion

Simulation results are provided for A-MPR to meet CA_NS_04 emissions for the HPUE with nominal spacing.  It has been observed that updated emission requirements impact lower frequency channels differently from upper frequency channels.  Therefore, the two have been studied separately.  Proposals for A-MPR for both contiguous and non-contiguous allocations have been provided for consideration.
4. Reference
[1] R4-1705682, “CA_NS_04 A-MPR for Power Class 2 with UL CA in Band 41,” Qualcomm Incorporated

[2] R4-1708596, “Update to CA_NS_04 SEM and additional spurious emissions,” Qualcomm Incorporated

[3] R4-1708599, “MPR for Power Class 2 with UL CA in Band 41,” Qualcomm Incorporated

[4] R4-115732, “A-MPR for CA_41C,” Qualcomm Incorporated
5. Annex:  Simulation results
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Figure 1.  A-MPR for QPSK, low frequency edge, 5+20, 10+20, 15+20 MHz.
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Figure 2. A-MPR for QPSK, low frequency edge, 20+20, 15+15.
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Figure 3. A-MPR for 16QAM, low frequency edge, 5+20, 10+20, 15+20 MHz.
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Figure 4. A-MPR for 16QAM, low frequency edge, 20+20, 15+15.
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Figure 5. A-MPR for 64QAM, low frequency edge, 5+20, 10+20, 15+20 MHz.
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Figure 6. A-MPR for 64QAM, low frequency edge, 20+20, 15+15.
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Figure 7.  A-MPR for QPSK, high frequency edge, 5+20, 10+20, 15+20 MHz.
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Figure 8.  A-MPR for QPSK, high frequency edge, 20+20, 15+15.
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Figure 9.  A-MPR for 16QAM, high frequency edge, 5+20, 10+20, 15+20 MHz.
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Figure 10. A-MPR for 16QAM, high frequency edge, 20+20, 15+15.
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Figure 11. A-MPR for 64QAM, high frequency edge, 5+20, 10+20, 15+20 MHz.
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Figure 12.  A-MPR for 64QAM, high frequency edge, 20+20, 15+15.
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