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1. Introduction

In RAN4 meeting #2010-AH1 held in Sophia Antipolis document [1] raised an issue concerning simultaneous transmission of PUCCH and PUSCH in same component carrier. Also there has been discussion in RAN1 to allow simultaneous transmission of two different PUCCH resources.
In this contribution we present simulation and measurement results of how the OOB emissions, spurious emissions, in-band emission and ACLR of the simultaneous PUCCH/PUCCH and PUSCH/PUCCH like signals differ from LTE REL-8/9 signal. We have estimated the required MPR to meet the existing SEM and spurious emissions requirements for certain combinations of PUCCH/PUCCH and PUCCH/PUSCH by simulation and measurements for single Tx antenna port.
2. Interference mechanism
2.1 Primary interference mechanism
In Figure 1 below we take initial look on how LTE REL-8/9 like single carrier transmission differs on the discussed simultaneous PUCCH/PUCCH or PUCCH/PUSCH like transmission where two simultaneous UL allocations can be in arbitrary position inside UL channel for a single TX path. In the Figure 1 there are three different signal plotted
1. Black curve is REL-8/9 like 10 MHz BW full 50 RB transmission with Pout = 22 dBm

2. Blue curve is REL-8/9 like 10 MHz BW 1 RB transmission at channel edge with Pout = 23 dBm

3. Red curve is simultaneous PUCCH/PUCCH or PUCCH/PUSCH like transmission with 2 times 1 RB allocation with maximum RB spacing with total Pout = 23 dBm
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Figure 1 spectrum plots with ideal modulator
Spectrum plots in Figure 1 are simulated with an ideal modulator having no carrier leakage and infinite image rejection. This clarifies the source of the out-of-band emissions (OOB) caused by the different UL allocation schemes. As is clearly visible in Figure 1 the out-of-band emissions from simultaneous PUCCH/PUCCH or PUSCH/PUCCH like transmissions (red curve) are fundamentally different compared to REL-8/9 like transmissions.
OOB emissions are due to spectral regrowth in the PA due to its non-linearity. This regrowth looks like the intermodulation products for a two tone signal showing discrete intermodulation terms. These intermodulation products grow faster than the output signals at the transceiver, e.g., the PUSCH and PUCCH single RB transmissions.. Also when transmission bandwidth is increased the intermodulation products spread wider in frequency.  
Figure 1 illustrates how OOB emissions for REL-8/9 signal transmissions do not generate the strong discrete intermodulation products so evident for simultaneous PUCCH/PUCCH or PUSCH/PUCCH signal transmission.. The reason why simultaneous PUCCH/PUCCH or PUCCH/PUSCH like transmissions are generating stronger OOB emissions than REL-8/9 transmissions is that the mixing mechanism maximizes the intermodulation spread. This leads to a situation where strong intermodulation peaks are spreading to very wide frequency range. This may be reduced by making sure that the distance between the PUSCH and the PUCCH is reduced dramatically (to only a few RBs). However this would limit the ability of the scheduler in terms of the effective use of the channel and it is highly undesirable.
2.2 Interference with realistic modulator model (1x2 RB versus 2x1RB)
Figure 2 illustrates the difference of how the distributed and contiguous UL transmissions of same bandwidth create different level OOB emissions. Both transmissions have UL BW of 2 RB’s but the emissions spectra are totally different. In Figure 2 there are two different signals are:
1. Blue curve is REL-8/9 like 10 MHz BW 2 RB transmission at channel edge with Pout = 23 dBm

2. Red curve is simultaneous PUCCH/PUCCH or PUCCH/PUSCH like transmission with 2 times 1 RB allocation with maximum RB spacing with total Pout = 23 dBm

From Figure 2 we can also study how the situation changes when realistic modulator model is used in simulations. Modulator impairments introduced to simulations are carrier leakage – 25 dBc and IQ image suppressions of – 25 dBc as specified in [1]. As can be seen from Figure 2 the modulator impairments create similar kind of OOB emissions peaks as simultaneous PUCCH/PUCCH or PUCCH/PUSCH transmission however these emissions peaks are in significantly lower power level because the PSD of the IQ image compared to PSD of actual second transmission is much lower. So although modulator impairments create similar intermodulation effect with REL-8/9 signals the emissions are up to 50 dB higher level when simultaneous PUCCH/PUCCH or PUCCH/PUSCH like transmissions is used. 
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Spectrum RBW=100kHz


Figure 2 1x2RB vs 2x1RB
3. Simulations results

In this section we present simulation results addressing the MPR required to meet LTE general emission mask, NS_03 and NS_04 masks.

3.1 Required MPR to meet the LTE emission masks

In Figure 3 we present results of initial study of how much MPR is required for simultaneous PUCCH/PUCCH or PUCCH/PUSCH like transmission to meet the LTE general mask and the NS_03 mask which is applicable to bands 2, 4, 10, 35 and 36 namely US bands. Simulated signal was again 2x1 RBs one at either edge of the band, i.e., at RB positions 0 and 49 in a 10 MHz channel. Different values for MPR were simulated by reducing the input signal into the PA. Red mask is the NS_03 mask and the green mask is how general mask differs from NS_03 mask.
1. Purple curve having 0 dB of MPR. Emissions exceed general mask approximately by 10 dB

2. Orange curve having 3dB of MPR. Emissions are meeting the general mask with small margin.

3. Blue curve having 4dB of MPR. Emissions are meeting the general mask by approximately 3 dB of margin.
4. Red curve having 5dB of MPR. Emissions are meeting the general mask by approximately 5 dB of margin.
5. Red mask is the NS_03 mask and the green mask is how general mask differs from NS_03 mask

Results in Figure 3 indicated that 4 dBs of MPR is required for the simulated waveform just to meet the LTE general mask and NS_03 mask and the waveform with 6 dB of MPR had reasonable margin to the masks. Required MPR= 6 dB greatly reduces the effective cell size or maximum achievable SNR closer to eNodeB.
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Figure 3 Required MPR to meet LTE general mask and NS_03 mask
In Figure 4 below we present the results of a similar study showing how much MPR is required to meet the NS_04 mask with simultaneous PUCCH/PUSCH like signal. Simulated MPR values were 0, 4, 6, 8 and 10 dB.  It was seen that with MPR of 10 dB the output met the NS_04 mask but still did not have much margin. This result was expected because NS_04 mask is quite a lot tighter than the general mask. NS_04 mask is not currently associated with any of the bands.
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Figure 4 Required MPR to meet LTE NS_04 mask
3.2 Required MPR to meet the spurious emission limits
In addition to compliance to the emissions mask in OOB region UE is also required to meet the spurious emissions limits specified in [1]. This requirement is captured in Table 1 below.
Table 1 Spurious emission limit table from [1] 
	Frequency Range
	Maximum Level
	Measurement Bandwidth

	9 kHz ( f < 150 kHz
	-36 dBm
	1 kHz 

	150 kHz ( f < 30 MHz
	-36 dBm
	10 kHz 

	30 MHz ( f < 1000 MHz
	-36 dBm
	100 kHz

	1 GHz ( f < 12.75 GHz
	-30 dBm
	1 MHz


Simulations indicate that in order to meet the -30 dBm / 1 MHz requirement up to 7 dB of MPR is required for the 5th order IM products generated by the simultaneous PUCCH/PUCCH or PUCCH/PUSCH like waveform, see Figure 6.
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Figure 5 2x1RB with MPR=7 dB to meet general spurious emission limit
4. Simulation verification via measurements

In this section we confirm the findings made in previous section, through actual measurements
4.1 Measurements
In this chapter we present measurement results which were done to verify the simulation results presented in previous chapters. Measurement setup was as described in Figure 5
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Figure 6 Measurement Set-up

Measurement procedure was following.

1. PA bias was adjusted with full 50 RB allocation to UTRAACLR1 = 36 dBc (Figure 7)
2. PA input signal was changed from full allocation to 2x1RB allocation. Total output power and PA bias was kept the same. Spectrum was measured with 1 MHz resolution bandwidth. (Figure 8)

3. PA input power was decreased to find out required MPR to meet the LTE General mask and NS_03 mask. (Figure 9). Results was MPR = 5 dB. This was also required MPR to meet the spurious emission limit.
4. PA input power was decreased to find out required MPR to meet the NS_04 mask. (Figure 10) Results was MPR = 10 dB.
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Figure 7 UTRA ACLR measurement with full allocation
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Figure 8 2x1RB 0 with MPR = 0 dB
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Figure 9 1x2RB with MPR = 5 dB to meet the general and NS_03 emission masks and general spurious emission limit
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Figure 10 1x2RB with MPR=10 dB to meet the NS_04 mask
4.2 Comparison of simulated and measured results for 1X2 RB allocation
Simulated and measured MPR values presented in previous chapters are collected to Table 2.
Table 2 Comparison of simulation and measurement results for 2x1RB UL allocation
	
	Simulations
	Measurements

	General and NS_03 mask
	3-4 dB
	5 dB

	NS_04 mask
	10 dB
	10 dB

	General Spurious emission limit
	7 dB
	5 dB


5. Additional simulations results
5.1 In-band emissions

In addition to OOB and spurious emissions simultaneous PUCCH/PUCCH or PUCCH/PUSCH transmission scheme introduces IM products in-band which would cause interference to other users in the cell. These in-band emissions see Figure 11 are very close to REL-8/9 requirement if not exceeding it.

[image: image11.emf]-1.5 -1.4 -1.3 -1.2 -1.1 -1 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5

x 10

7

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

10

20

30

Freq (Hz)

Mag (dBm)

10MHz LTE SPECTRUM EMISSION     RBs start 19     Number of RBs 1

 

 

P

OUT

=   22.3dBm 

Spectrum RBW=100kHz


Figure 11 In-band emissions

5.2 Effect of PUSCH allocation size in PUCCH/PUSCH transmission

Finally we studied how the emissions change in PUCCH/PUSCH transmission when PUSCH allocation size is varied. In these simulations we used another PA model and simulation environment than in previous chapters.
PUCCH signal was located at the lower side of the 20 MHz channel and PUSCH signal at the higher side of the channel. Separation of the signal was kept at maximum. When PUSCH allocation size was increased the gap between the signals was reducing. An MPR value for all the simulated combinations of PUCCH and PUSCH was searched. When combined allocation size of PUCCH/PUSCH transmission was exceeding 18 RB then at least 1 dB of MPR was automatically applied as specified for REL-8/9 signals. The required MPR value to meet the SEM and spurious emission requirement for different combinations of PUCCH/PUSCH is presented in Figure 12. 
These results indicate that a maximum of 5.5 dB of MPR is required to meet the SEM and spurious emission requirement this was for the PUSCH allocation size of 2x1 RB. With that MPR value the spurious emission requirement was barely met hence to incorporate design margin in practise more MPR would be required.

[image: image12.emf]
Figure 12 Required MPR as a function of PUSCH size to meet the general SEM and NS_03 masks and general spurious emission limit
5.3 Areas for further study
During the simulations it was observed that even if the PUCCH/PUSCH signal was meeting the SEM with the help of MPR the ACLR requirement was violated see Figure 13. In this particular case 1 dB of MPR is applied to meet the SEM and spurious emission limit but UTRAaclr1 is 31.58 dBc and E-UTRAaclr is 29.41 dBc both exceeding the requirement.  PA operating point was such that full allocation ACLR was UTRAaclr1 = 36 dBc hence the 1 + 50 RB allocation is giving more than 4 dB higher ACLR figures for same output power. 
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Figure 13 1xRB PUCCH + 50xRB PUSCH

During the simulations it was also observed that even if the PUCCH/PUSCH signal was meeting the SEM with the help of MPR the UE to UE co-existence limits of -50 dBm/1MHz would be violated for the operating band which are co-located. In this case a even higher MPR would need to be specified.  These bands are; 

· Band 1 and PHS

· Band 7 and band 38

· Bands 13 and 14

· Band 13 and Public safety

· Bands 18 and 19

· Bands 11 and band 21

6. Conclusion

In this contribution we have shown that simultaneous PUCCH/PUCCH and PUCCH/PUSCH transmissions generate significantly more unwanted emissions that current REL-8/9 transmissions.
Results are obtained with two different simulation environments using two different PA models. In addition to simulations also measurements were performed to validate the simulation results.

Requirements that were studied in this paper were spectrum emission mask, spurious emissions and some observations concerning the ACLR were made. Studies should be performed also on self-desensitization, spurious emissions to other bands and what kind of emissions is generated when counter-IM is producing intermodulation products with PUCCH/PUCCH and PUCCH/PUSCH signals.
During the studies it became evident that PUCCH/PUSCH and PUCCH/PUCCH transmissions create severe out-of-band and in-band emissions and a great amount of work would be required to define needed MPR values not to violate regulatory requirements.

Although in this contribution we have concentrated to single carrier case all the conclusions are more or less valid for intra-band contiguous carrier aggregation scenario where the transmissions would be on separate CC’s.
It is our recommendation that an LS is sent to RAN1 to inform them on these issues.
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