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1 Introduction
Both Band 7 and Band 38 are the major global frequency bands for LTE and LTE-A deployment. There will be millions of millions users enjoying the next generation high speed connection at 2.6G bands, and it’s crucial to have good user experience guaranteed at these bands. As user experience is so much sensitive, the UE coexistence requirements are extremely important as the whole industry can’t afford any disaster resulted from the interference scenarios not carefully analyzed.
Coexistences between Band 38 and Band 7 have being continuously discussed in RAN4, but there are still controversial technical questions pending convincible answers. One typical example is the impact of 1RB case if allocated at band edge. Based on the discussions and papers presented so far, the following questions deserve clear answers before we rush to finalize the coexistence requirements:
1. How to adopt the “-15.5MHz/5MHz” recommended in ECC report 131 for WCDMA system to EUTRA LTE system? What would be the consequence if the interference is concealed by large measurement bandwidth?
2. How to meet the requirement if the measurement bandwidth is reduced?
3. What would be the coexistence requirements in the “spurious” domain of the carrier if configured at band edge?
In last meeting in paper R4-115007 we proposed to reconsider the measurement bandwidth and leave the restrictions on RB blocks for further study. In this paper, we answer the questions listed above based the analysis of a huge number of simulations. 
Coexistence requirements are also proposed in this paper.
The similar analysis will be provided for carrier aggregation cases and will be presented later on.

2 Discussion
2.1 Simulation assumptions
Compared with the simulations we presented in last meeting (R4-115007), we have the following differences in the PA simulation assumptions:

In paper R4-115007, the PA we used was:

PA nonlinearity has been calibrated as UTRA/ACLR@33dBc for 5MHz transmission @22.5dBm with full RB allocation. 

In this paper, the PA is modelled as:
PA nonlinearity has been calibrated as UTRA/ACLR@33dBc for each transmission channel bandwidth @22dBm with full RB allocation.

The PA calibrated for each channel bandwidth has worse linearity compared with the one calibrated using 5MHz transmission. The I/Q modulator is calibrated following the generic RAN4 assumptions:

LO leakage @ 25dBc

Image leakage @ 25dBc

Counter IM3 @ 60dBc

The spectrum emissions are measured by using measurement bandwidth at 5MHz, 1MHz, and 100kHz, correspondingly. Figure 1 shows the PSD @ 22dBm for 15MHz @QPSK modulation with 1 RB allocated at channel edge, while the blue, red, and back curves are the emission mask measured with 5MHz, 1MHz, and 100kHz measurement bandwidth correspondingly.
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Figure 1: PSD @ 22dBm for 15MHz @QPSK modulation with 1 RB allocated at channel edge
2.2 Interference level measured by different measurement bandwidth
The results in Figure 1 show clearly that the interference levels measured by different measurement bandwidths are not proportionally increased with the increased measurement bandwidths. For better readability, Figure 2 zooms into the IMD3 products falling into the victim bands when 1 RB is allocated at channel edge. The follows can be found:

· At 100kHz measurement bandwidth: the measured interference power within 100kHz raised 13 dB (or ~11 dB if measured by 180kHz, to be compatible with the technologies employed at the victim band) above the coexistence level recommended by ECC report 131 for WCDMA system but being translated at the same SNR level for LTE OFDM technology.
· At 1MHz measurement bandwidth: the measured interference power within 1MHz raised 4 dB compared with 100kHz measurement bandwidth, but the threshold raises 10dB to account for the difference between 1MHz and 100kHz.

· At 5MHz measurement bandwidth: the measured interference power within 5MHz is almost the same compared with 1MHz measurement bandwidth but the threshold was raised up for 7dB additionally to account for the difference between 5MHz and 1MHz. 
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Figure 2: Differences made by the different measurement bandwidths @22dBm
Further interpretation of the data in Figure 2 shows that the interference imposed on the victim RB in the victim band is 11dB worse than the recommended SNR level in ECC report 131 which is so far one of the most serious studies on the TDD/FDD coexistence. However, this interference is artificially contained by large measurement bandwidth (5MHz) which was actually selected for a different technology.
This 11dB difference is fatal for the victim UE at victim band: the victim RB can be the control channel, or pilot channel, or feedback channel where error control mechanism was designed without the UE to UE interference taking into account. The consequence would be a sudden user experience deterioration (possibly disconnected) giving the activity factor at 2.6G band will be very high.
Unlike at eNode B Rx where the interference level at each RB is sensed and prioritized, the victim UE Rx is unable to predict or control the interference from the aggressor UE. The interference event could happen anywhere and anytime if there is an aggressor in the vicinity. The only way to mitigate the interference is the re-transmission mechanism in an un-predictable manner.

2.3 Low limit of the RB numbers

With the 1 RB transmissions at band edge being evaluated in the previous session, we believe that there should be restrictions on the narrow RB allocated at aggressor band edge. The narrow RB allocation at band edge will generate IMD products at high PSD. 
In Figure 3, we sweep the number of RBs allocated at band edge from 1 to 15. As the number of RBs increase, the Tx PSD level is lowered and consequently the PSD of the IMD products falling into the victim band are also lowered.
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Figure 3: Impact of narrow RB allocations at band edge @ 22dBm 
Figure 4 zooms into the frequency range where the IMD3 product is reduced gradually. Again, the IMD products are measured by 1MHz and 100kHz correspondingly. It can be found that:
· As the number of RBs is increased from 1 to 12, the interference power level is gradually reduced below the coexistence level.
· Both 1MHz and 100kHz measurement bandwidths give almost the same number of RBs.
· The IMD products generated by narrow RB allocation can be detected by either 1MHz or 100kHz measurement bandwidth.
In summary, we believe the low limit for the number of RBs allocated at band edge shall be restricted to 12 RBs if the corresponding IMD products fall into the victim band. 
Please be noted this restriction of low limit of RB allocations only apply to the allocation in the second half of the channel bandwidth closer to band edge. 
[image: image4.png]asurement Bandwidth)

PSD (dBm/Me:

50

20

QPSK: 15MHz

10

210

204

+22.5dBm/MHz

30

-40]

-32.5dBm/100kHz

s0 IR

Z
/Ma"wAA

Aot

| “// \\\\F\t?%.‘:l; R ’/

)
-

N /
=





Figure 4: (zoomed in) Impact of narrow RB allocations at band edge @ 22dBm 
2.4 Impact of the up limit of RB numbers

Additional evaluation was done on the impact of up limit of the number of RBs allocated at band edge. Figure 5 shows the differences of RB numbers measured at 5MHz, 1MHz, and 100kHz. As having been investigated in RAN4, the RB number allocation shall also be bounded by an up limit. Figure 6 zooms into to area (basically the 2nd UTRA channel) where the emission levels are dominated by the up limit of the RB allocations. It can be found that the slope of measured emission mask is relatively flat and large RB allocations would result in violation of the coexistence threshold. The following observations can be made:

· The up limit of the number of RBs allocated at band edge shall also be bounded to control the interference power into the victim band located at 2nd UTRA channel.
· The slope of measured emission mask is relatively flat which means the increased interference levels with increased RB allocations are relatively moderate.
· The up limit of the the number of RBs based on the measurement bandwidth at 5MHz, 1MHz, and 100kHz are pretty much the same. 

Considering the difference in PA modelling from different companies, the up limit for RB allocations shall be something between 45 and 60 RBs, which concurred to the findings in RAN4 so far. 
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Figure 5: Impact of up limit of RB allocations at band edge @ 22dBm

Figure 7 shows the 2nd UTRA ACLR and the total interference power within the 2nd UTRA channel with the increase of RB allocations. The interference power increases moderately with the increase of RB allocations. 
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Figure 6: (zoomed in) Impact of up limit of RB allocations at band edge @ 22dBm
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Figure 7: ACLR and interference power level in the second UTRA channel @ 22dBm

2.5 Emission level at the “spurious” domain

Another outstanding issue is whether to define the coexistence requirements for frequency range that is 30MHz (for example beyond 2645MHz, if for Band 38) away from the carrier edge configured at band edge. 
It should be noted that the emission levels in this frequency area are still dominated by the near end 5th order IMD products generated by PA, rather than the Tx noise floor which is jointly determined by the I/Q modulator phase noise and PA gain. The mitigation provided by Tx filter on the near end IMD5 noise is very limited, if the costs on the Tx insertion loss are considered. The impact on the whole ecosystem is also huge if Tx filter is mandated.
Furthermore, the 5th IMD product level is also RB allocation dependent: both up limit and low limit of the RB allocations shall be bounded. However, as far as the range of RB allocations have been bounded by the IMD3 level, there is no need to further specify requirements for IMD5 products. 
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Figure 8: Emission level (per MHz) at the “spurious” domain @ 22dBm

Nominal carrier central frequency is 2.6GHz

(15MHz: RB 1--->75, every 5 RBs)

(20MHz: RB 1--->100, every 5 RBs)

3 Conclusion
In the paper, we further investigated the coexistence requirements between Band 38 and Band 7. The following are the proposals:
1) Unless the interference level which is 11dB worse than justified SNR level can be further justified to be acceptable, the Tx PSD level at aggressor UE at band edge must be restricted. This restriction can be realized by setting the low limit of the number of RBs to be ~12 for allocations with the corresponding IMD3 products falling into the victim UE Rx band. The low limit can be detected by either 1MHz or 100kHz measurement bandwidth.
2) The up limit of the RB block can be limited between 45-60RBs. The 54RBs can be an acceptable compromise. The up limit can be detected by either 5MHz, or 1MHz, or 100kHz measurement bandwidth.
3) It’s proposed not to further specify the requirements for the IMD5 products.
In short, we propose to set the coexistence requirements as -22.5 dBm/MHz and restrict the RB blocks between >=12 and <=54 for carriers allocated at band edge.
Both Band 7 and Band 38 are the major global frequency bands for LTE and LTE-A deployment. There will be millions of millions users enjoying the next generation high speed connection at 2.6G bands, and it’s crucial to have good user experience guaranteed at these bands. As user experience is so much sensitive, the UE coexistence requirements are extremely important as the whole industry can’t afford any disaster resulted from the interference scenarios not carefully analyzed.

References























































































3GPP


