3GPP TSG-RAN WG4 #66bis
R4-131820
April 15th –  19th, 2013
Chicago, IL, USA
Agenda item:
8.1.2
Source: 
Qualcomm Incorporated

Title: 
A-MPR simulation results for the WCS band
Document for:
Approval
1. Introduction

Operation in the WCS band is subject to additional emission requirements as specified in the regulations.  These additional emission requirements for the UE are summarized in [1].  This contribution presents simulation results, similar to those provided in [2], for the UE to be able to meet the emission requirements for the band.
2. Discussion

2.1. Simulations
PA simulation results are presented to meet the additional emission requirements for the WCS band.  For these simulations, the following parameters were used where the PA was calibrated to maximum output power while just meeting ACLR

LO and IQ image = -25 dBc

UTRA ACLR1 = -33 dBc

Max output at UE antenna = 24 dBm (max output power including tolerance)

For 5 MHz channels, it was found that no A-MPR is needed to meet the emission requirements.  This is in agreement with the findings in [2].  

For 10 MHz channels, the simulation results are shown below for QPSK and for 16QAM in Figure 1 and 2.  We note that single RB allocations are challenging due to their high power spectral density and the requirement of -25 dBm/MHz emissions at 5.5 MHz offset, including the internal guard band, from the 10 MHz channel edge.  Although the simulation results for this particular PA indicate that these allocations require 2 - 2.5 dB and the results in [2] indicate that these require 3 dB A-MPR, we estimate that they may require up to 3.5 dB in the worst case.

Assume that the uplink is transmitted at 24 dBm, including the 1 dB maximum output power tolerance and that the IQ image is 25 dB below.  PA 3rd order folding gain is approximately 13 to 15 dB and decays 3:1 compared to the fundamental.  Therefore, we can analytically derive the backoff required to meet the -25 dBm/MHz emission requirement as 

24 dBm output power – 25 dBc IQ image – 13 dB 3rd order folding – 3*(A-MPR) = -25 dBm.

From this, we can compute that the A-MPR required is 3.7 dB.  If we assume a slightly improved folding gain from the PA, we can achieve A-MPR of 3.5 dB.

Further, we can evaluate the reach of the folded IQ image terms.  Since the -25 dBm/MHz emission requirement starts at 5.5 MHz from the lowest or highest RB, we can compute that the frequency range at which IQ folding terms by solving
5.5 MHz + x = y
2x + y = 9 MHz

where x is the offset from the channel edge of the uplink, y is the separation between uplink and its IQ image, and 9 MHz is the occupied bandwidth of the channel.  Solving for x, we get 1.17 MHz which is 6.5 RB’s.  Thus, we compute that the single RB allocations for a range of 6.5 RB’s from the channel edge will generate folded IQ spurious products which land in the -25 dBm/MHz emission mask region.  This range is consistent with the simulated results.
Merging the results of these simulations with those presented in [2], factoring in the analysis for single RB folded IQ image products, and taking the largest backoff, we propose the following A-MPR table
Table 1.  Proposed A-MPR table for WCS band

	 Parameters
	Region A
	Region B
	Region C

	RBstart
	0 – 6
	0 – 6
	43 – 49
	36 – 45
	0 – 14

	LCRB [RBs]
	1 – 4
	5 – 12
	1 – 4
	5 – 12
	≥ 36

	 A-MPR [dB]
	≤ 3.5
	≤ 2
	≤ 3.5
	≤ 2
	≤ 2

	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 between two regions, notes 1 and 2 apply on a per slot basis.

NOTE 4:
For intra-subframe frequency hopping between two regions, the larger A-MPR value of the two regions may be applied for both slots in the subframe.


Note that because narrowband allocations at the channel edges require A-MPR, over-provisioning of PUCCH may be desired.  The PUCCH channel must be located outside of Region A1 and Region B1 in the table above to avoid A-MPR.
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Figure 1.  A-MPR simulation results for QPSK, 10 MHz channel
[image: image2.emf]
Figure 2.  A-MPR simulation results for 16QAM, 10 MHz channel
3. Conclusion
In this contribution, we have provided A-MPR simulation results for the WCS band to meet emission requirements.  The simulation results largely mirror those provided previously in [2].  An A-MPR table has been proposed.
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PA simulation results are presented to meet the additional emission requirements for the WCS band.  For these simulations, the following parameters were used where the PA was calibrated to maximum output power while just meeting ACLR

LO and IQ image = -25 dBc

UTRA ACLR1 = -33 dBc

Max output at UE antenna = 24 dBm (max output power including tolerance)

For 5 MHz channels, it was found that no A-MPR is needed to meet the emission requirements.  
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Figure 8.1.2-1.  A-MPR simulation results for QPSK, 10 MHz channel
[image: image4.emf]
Figure 8.1.2-2.  A-MPR simulation results for 16QAM, 10 MHz channel
For 10 MHz channels, the simulation results are shown below for QPSK and for 16QAM in Figure 8.1.2-1 and 8.1.2-2.  We note that single RB allocations are challenging due to their high power spectral density and the requirement of -25 dBm/MHz emissions at 5.5 MHz offset, including the internal guard band, from the 10 MHz channel edge.  Although the simulation results for this particular PA indicate that these allocations require 2 - 2.5 dB and other results indicate that these require 3 dB A-MPR, we estimate that they may require up to 3.5 dB in the worst case.

Assume that the uplink is transmitted at 24 dBm, including the 1 dB maximum output power tolerance and that the IQ image is 25 dB below.  PA 3rd order folding gain is approximately 13 to 15 dB and decays 3:1 compared to the fundamental.  Therefore, we can analytically derive the backoff required to meet the -25 dBm/MHz emission requirement as 

24 dBm output power – 25 dBc IQ image – 13 dB 3rd order folding – 3*(A-MPR) = -25 dBm.

From this, we can compute that the A-MPR required is 3.7 dB.  If we assume a slightly improved folding gain from the PA, we can achieve A-MPR of 3.5 dB.

Further, we can evaluate the reach of the folded IQ image terms.  Since the -25 dBm/MHz emission requirement starts at 5.5 MHz from the lowest or highest RB, we can compute that the frequency range at which IQ folding terms by solving

5.5 MHz + x = y
2x + y = 9 MHz

where x is the offset from the channel edge of the uplink, y is the separation between uplink and its IQ image, and 9 MHz is the occupied bandwidth of the channel.  Solving for x, we get 1.17 MHz which is 6.5 RB’s.  Thus, we compute that the single RB allocations for a range of 6.5 RB’s from the channel edge will generate folded IQ spurious products which land in the -25 dBm/MHz emission mask region.  This range is consistent with the simulated results.

Merging the results of these simulations with other presented results, factoring in the analysis for single RB folded IQ image products, and taking the largest backoff, we propose the following A-MPR table

Table 8.1.2-1.  Proposed A-MPR table for WCS band

	 Parameters
	Region A
	Region B
	Region C

	RBstart
	0 – 6
	0 – 6
	43 – 49
	36 – 45
	0 – 14

	LCRB [RBs]
	1 – 4
	5 – 12
	1 – 4
	5 – 12
	≥ 36

	 A-MPR [dB]
	≤ 3.5
	≤ 2
	≤ 3.5
	≤ 2
	≤ 2

	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 between two regions, notes 1 and 2 apply on a per slot basis.

NOTE 4:
For intra-subframe frequency hopping between two regions, the larger A-MPR value of the two regions may be applied for both slots in the subframe.


Note that because narrowband allocations at the channel edges require A-MPR, over-provisioning of PUCCH may be desired.  The PUCCH channel must be located outside of Region A1 and Region B1 in the table above to avoid A-MPR.
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