3GPP TSG-RAN WG4 Ad Hoc meeting #10-02
R4-101314
April 12th – 16th 2010
Dublin, Ireland
Agenda item:
9.2
Source: 
Qualcomm Incorporated
Title: 
A-MPR for Band 20 NS_10
Document for:
Discussion

1. Introduction 

The sensitivity requirements for 20 MHz operation in Band 20 have been provided in [2].  When NS_10 is signaled by the network, an A-MPR is provided in recognition of the challenges identified in meeting reference sensitivity in this band for 20 MHz.  This contribution revisits the A-MPR table and proposes modifications based on an analysis of transmitter ACLR and spurious emissions interfering with the receiver.

2. Discussion

Reference sensitivity for 20 MHz channel bandwidth in Band 20 has been set to -91 dBm in [2] to be consistent with Band 8 scaled performance.  Meeting this reference sensitivity target has been shown to be problematic for the wider bandwidths available in Band 20 in a number of prior contributions, including [3], [4], and [5], for example.  Due to the wider channel bandwidths and the relatively narrow duplex separation, impairments such as Tx ACLR and Tx spurious emission products have been shown to cause self-desense for the 15 MHz and 20 MHz channel bandwidths.  In this contribution, we focus on the 20 MHz channel bandwidth where an A-MPR table has been designed to mitigate the abovementioned impairments.  The A-MPR table is duplicated below for convenience.
Table 1.  Duplicate of Table 6.2.4-3: A-MPR for "NS-10" in [2]

	 
	Region A
	Region B

	RB_start1
	[0 – 15]
	[76 – 90]

	L_CRB2 [RBs]
	[1-25]
	[1-23]

	 A-MPR [dB]
	≤[5]
	≤[5]

	Note

1               RB_start indicates the lowest RB index of transmitted resource blocks

2               L_CRB is the length of a contiguous resource block allocation

3               For intra-subframe frequency hopping between two regions, notes 1 and 2 apply on a per slot basis.

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.
  


One important note to make is that in TS 36.101, reference sensitivity is defined subject to restrictions on the size of the uplink allocation as tabulated in “Table 7.3.1-2: Minimum uplink configuration for reference sensitivity” of [1].  Furthermore, [1] states that “a certain relaxation of the UE performance is allowed when the transmission configuration is larger than that in Table 7.3.1-2.”  For 20 MHz channel bandwidth in Band 20, this uplink allocation restriction has been defined to be 25 RB’s in [2].  In the most general interpretation, reference sensitivity can be expected to be met for allocation sizes less than or equal to 25 RB’s and with possible A-MPR depending on the location of the uplink allocation as shown in “Table 6.2.4-3: A-MPR for NS-10” and duplicated above in Table 1.
Tx ACLR

The A-MPR table provides [5]dB of additional maximum power reduction for allocations located at the lower edge of the uplink channel.  Therefore, the Tx ACLR emissions from those allocations closest to the downlink can be reduced by taking this A-MPR.  For allocations greater than [15] RB’s away from the lower edge, no A-MPR is currently provided.   
Measured PA emissions were obtained and summarized in [4].  Three PA vendors were surveyed to provide emissions data using Band 5 PA’s, thought to be representative of anticipated Band 20 performance.  The summary table is duplicated here for convenience with updates to 20MHz emissions where we can see that the uplink configuration with 25 RB’s is the worst case with the highest emissions.
Table 2.  Measured PA ACLR emissions

	Channel BW (MHz)
	Num RB
	Pout (dBm)
	ACLR emissions (dBm/Hz)
	ACLR emissions with production margin (dBm/Hz)

	5
	25
	26.5
	-131.4
	-128.4

	10
	25
	26.5
	-128.5
	-125.5

	10
	20
	26.5
	-133.4
	-130.4

	15
	25
	26.5
	-125.3
	-122.3

	15
	20
	26.5
	-130.0
	-127.0

	15
	18
	26.5
	-131.6
	-128.6

	15
	16
	27.5
	-131.1
	-128.1

	20
	25
	26.5
	-123.5
	-120.5

	20
	20
	26.5
	-127.3
	-124.3

	20
	18
	27.5
	-127.1
	-124.1

	20
	16
	27.5
	-128.6
	-125.6


A representative spectrum analyzer plot of the PA emissions measured in the receive band of Band 20 is shown for the worst case 25 RB uplink waveform in Figure 1.  For this measurement, a bandpass filter centered over the receive band was placed at the output of the PA to suppress the uplink signal so that it would not overload the front end of the spectrum analyzer.  Thus, only measurements within the passband of the bandpass filter should be considered.
[image: image1.emf]
Figure 1.  Spectrum analyzer plot of ACLR emissions from PA
In this figure, the emission is integrated over the 18MHz downlink bandwidth and normalized to 1 Hz.  At a center frequency of 811 MHz (indicated by measurement 2 in the figure), the measured noise power density is -119.7dBm/Hz.  At a center frequency of 802 MHz (indicated by measurement 1 in the figure), the measured noise power density is -128.1dBm/Hz.  We can see that the PA emissions fall at a rate of approximately 8.4dB/9MHz or 0.93dB/MHz.  This decay rate continues until the PA noise floor is reached at -135dBm/Hz.  
For uplink allocations located at the outside of Region A starting at RB #15, there is a 2.7MHz offset to the channel edge.  Given the rate of PA emissions decay shown above, it can be expected that the PA noise level will be lowered by (0.93dB/MHz)(2.7MHz)=2.5dB relative to the emissions shown in Table 2.  Specifically in this example, instead of -123.5dBm/Hz noise level when RBstart=0, the noise level is -126.0dBm/Hz when RBstart=15.  Using this data and the method of analysis outlined in [4], the A-MPR required for allocations outside of Region A can be determined as well as the required RB starting location (i.e., additional guardband to allow for ACLR rolloff) before A-MPR is no longer required.  It has been found that 3dB of A-MPR is required outside of Region A for RBstart ranging from 15 to 32.  Beyond this, A-MPR is not necessary.
Intermodulation Products
A second cause of self-desense is transmitter intermodulation products which can fall into the receive channel causing interference and desense.  The ability of the intermodulation products to reach the receive channel depends on the RB location of the transmitted uplink signal and the nonlinearities present in the RF chain.  
The following intermodulation products have been identified as having sufficient extent to desense the receiver

1. 3rd order intermodulation between counter-IM and UL signal,

2. 5th order intermodulation between UL signal and its image, and

3. 2nd order intermodulation in the receiver for narrowband UL.

The first two cases involving 3rd order and 5th order intermodulation are considered more carefully below.  The third case involving 2nd order intermodulation is not specifically discussed in this contribution but has been included in the results and recommendations of [4].
Using a simple polynomial model neglecting time-dependent and memory effects, the location and power level of intermodulation products can be predicted.  Given two spectrally non-overlapping narrowband signals centered at frequencies f1 and f2 where Δf =f2– f1 and Δf >0, their third order intermodulation products are located in the vicinity of f1–Δf on the low side and f2+Δf  on the high side.  For Band 20, we are interested in the low side intermodulation products since these are the ones potentially interfering with the receive band.  Similarly, fifth order intermodulation products are located in the vicinity of  f1– 2Δf on the low side.  Furthermore, if the power level of the signals at f1 and f2 are given by P1 and P2, respectively, the power level of the intermodulation products can be found if the 3rd and 5th order nonlinearities are known.  These nonlinearities typically arising in the PA are often characterized in terms of IP3 and IP5 parameters where the power level of the IM products is given by

PIM3= P2– 2(IP3– P1), and
PIM5= P2– 4(IP5– P1).

If we denote the folding gain γ as the ratio of PIM to P2, we have
γ IM3 = – 2(IP3– P1), and
γ IM5 = – 4(IP5– P1).

From this relationship, we can see that when the power P1 is large, the folding gain also becomes large whereas when P1 is small, the folding gain is also small.  Moreover, the folding gain drops at a rate two or four times the rate that P1 drops.  Specifically, when P1 represents the power level of the UL signal, the folding gain is high since this power level is high.  However, when P1 represents the power of another component, say, an image that is at –25dBc, the IM3 folding gain may be 50dB lower!  

Given this, we evaluate the various identified scenarios shown in [3] in which 3rd and 5th order intermodulation products are able to reach the receive band.  The signal S1 is defined as the uplink signal component whose frequency is below the LO and the signal S2 is defined as the uplink signal component whose frequency is above the LO.  For these specific scenarios, S1 and S2 consist of the desired uplink signal, its Counter-IM product, and its image.  The desired uplink signal is transmitted at high power (i.e., +23dBm), the Counter-IM product is suppressed by 60dB, and the image is suppressed by 25dB.  Note that the spurious emissions are further reduced by the duplexer isolation before reaching the receiver.  Table 3 provides a summary.
Table 3.  Summary of IM3 and IM5 interference scenarios.

	Source
	S1
	S2
	f1
	f2
	P1
	P2
	γ
	PIM

	Counter-IM
	UL
	C-IM
	RB 0-14
	LO + 3Δf
	PUL
	-60 dBc
	High
	High

	Counter-IM
	C-IM
	UL
	LO – 3Δf
	RB 76-90
	-60 dBc
	PUL
	Low
	Low

	Image
	UL
	Image
	RB 0-14
	LO + Δf
	PUL
	-25 dBc
	High
	High

	Image
	Image
	UL
	LO + Δf
	RB 76-90
	-25 dBc
	PUL
	Low
	Low


The lowest uplink allocation is defined to be RB’s 0–14 in this contribution which reaches as far as 810.5 MHz in the receive band.  It was also noted in Figure 3 of [3] that RB #15 just misses the receive channel, so is not included in the defined range here.

From Table 3 above, it can be seen that Region A of Table 1 corresponds to scenarios where S1 is the desired uplink transmission.  In these cases, the power level of the intermodulation products can be signficant causing considerable receiver desense.  A-MPR is required in these Region A cases to maintain sensitivity.  Region B corresponds to scenarios where S2 is the desired uplink transmission and S1 is the Counter-IM or image.  In these cases, due to the lowered power in the Counter-IM or image compared to the desired transmission, the intermodulation folding gain is greatly reduced resulting in much lower power in the intermodulation products reaching the receive channel.  Thus, it is proposed that A-MPR as currently defined is not needed in Region B.

Updated A-MPR Table
We propose the following change to the A-MPR table for Band 20 NS_10.

1. Region A is reduced by 1 RB to include RB_start from 0–14 instead of 0–15.
2. Region B as currently defined is removed.

3. Region B is redefined with 3dB A-MPR to address Tx ACLR noise for RB_start from 15–32.
The modified A-MPR table is shown below. 
Table 4.  Modified Table 6.2.4-3:  A-MPR for "NS_10" with proposed changes

	 
	Region A
	Region B

	RB_start1
	[0 – 14]
	[15 – 32]

	L_CRB2 [RBs]
	[1-25]
	[1-25]

	 A-MPR [dB]
	≤[5]
	≤[3]

	Note

1               RB_start indicates the lowest RB index of transmitted resource blocks

2               L_CRB is the length of a contiguous resource block allocation

3               For intra-subframe frequency hopping between two regions, notes 1 and 2 apply on a per slot basis.

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.
  


3. Conclusion

A-MPR has been provided for 20MHz channel bandwidth in Band 20 to address the issues of self desense.  It has been identified that Tx ACLR emissions as well as Tx intermodulation products for some uplink allocations can cause self-dense.  To help mitigate these effects, A-MPR is provided.  We have updated the A-MPR table to redefine Region B as the region immediately adjacent to Region A where we recommend 3dB of A-MPR.  The previous Region B on the high side of the uplink channel has been removed.

References

[1] TS 36.101, v9.2.0.

[2]  R4-100983, “CR Band 20 UE RF requirements,” Nokia
[3] R4-100429, “20 MHz channel bandwidth sensitivity of Band 20,” Nokia

[4] R4-100731, “Band 20 RF Requirements,” Qualcomm

[5] R4-094526, “REFSENS for EU800 and rejection of LO and image,” Ericsson, ST-Ericsson
1
1

