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1 Introduction

This contribution presents two issues with Band XIII 3, 5 & 10 MHz bandwidth cases with regards to protection of the PS Band [1]. One issue pertains to the PUCCH and applies to 3, 5 & 10 MHz bandwidths. The contribution will show that the issue with the PUCCH is not constrained to Band XIII but also applies to other band coexistence scenarios where the guard-band bandwidth is smaller than the channel bandwidth. 
1.1 Band XIII Scenario
As per Table 5.4.2.2-1 of the current draft of TS 36.101, Band XIII is allowed to have 10 MHz channels albeit with some limitations on power and number of RBs. No such limitation affects the PUCCH, furthermore PUCCH transmission should use maximum power to maximize its link budget: failure to do so has an impact on network performance.  
Band XIII is located 2 MHz higher than the PS Band, thus a need for protection of the PS band from LTE aggression is clear. The Requirements Table: Table 6.6.3.2-1, of the current draft for TS 36.101 proposes of [-50] dBm / MHz (or [-60] dBm /100 kHz) for LTE to LTE coexistence. Such specification is required for controlling the interference from one band to the other. For PS Band protection, the current FCC limit is -35 dBm /6.25 kHz which is included in as regulatory in the above mentioned Requirements Table. In [1] we note the proposal to specify a 10 dB tighter FCC limit with MPR to address the 1 RB case. Another goal would be the -60 dBm / 100 kHz for LTE-LTE interference or a lower -50 dBm/100 kHz also considered in [1]. In this contribution we will assume the latter.
1.2 Assumptions & Limitations
The assumptions for the simulations presented are simple:

· PA model as in [3]

· Near ideal transceiver except for IQ imbalances of -26 and -30 dBc

· Note that an EVM noise floor of -25 dB is allowed so the numbers chosen do not contradict EVM specifications

· Noise sources such as phase noise and noise figures are not relevant to the conclusions

· 5 & 10 MHz channel bandwidths (though some of the conclusions clearly apply to 3 MHz channels as well)
· 2 MHz separation to PS Band

· Little to no help from the duplexer as the spur locations are too close to the transmitted band

· All spectral density plots are in 100 kHz resolution and are measured in dBm/100 kHz

· The analysis presented here shows issues with coexistence that must be addressed.  It does not preclude issues with desense which should also be addressed, but such issues are beyond the scope of this contribution.
· Carrier leakage may present a similar issue than IQ imbalance, however it is not as damaging in terms of spur generation as IQ imbalance and will not be discussed.
1.3 ISSUE with the PUCCH

See Figures 1, 2, 3 & 4. Some of the figures are very similar to single RB cases in [3], in particular, except that these are for the PUCCH while in [3] were for PUSCH QPSK.  The first two figures are for 10 MHz channels; the following two are for 5 MHz channels. Some observations:

1. The intent of the single RB figures is to show the effect of the PUCCH thus a maximum output power of 23 dBm was used.
2. Given that the PS Band is only 2 MHz from the edge of the band the spectral density should be lower than -50 dBm/ 100 kHz for delta frequencies with respect to the channel center of   

· <= -7 MHz for a 10 MHz channel

· <= -4.5 MHz for a 5 MHz channel

3. The single RB as shown is to the rightmost location in the channel, a leftmost configuration is symmetric to those shown.

4. For an analysis of a rightmost RB flip the plot and consider the same limits as in point 2 above.

5. PR in the figure captions means power reduction
1.3.1 PUCCH Simulation Results
· The results show the transmitted RB, its image due to IQ imbalance and the result of the mix of these by the amplifier through third (2f1-f2 and 2f2-f1) and fifth order intermodulation products. For the purpose of this section we will concentrate on the effect of third-order spurs. This allows us to predict the location of the spurs as approximately a full bandwidth away from the edge of the channel. This demonstrates that this issue also applies for 3 MHz channels as well as the spurs would appear beyond the 2 MHz guard-band. 

· The violation for the rightmost RB configuration (as shown by the figures) is not severe as it only fails slightly the -50 dBm / Hz density limit target for an imbalance of -26 dBc and passes well for an imbalance of -30 dBc 

· The leftmost configuration fails badly even for an IQ imbalance of -30 dBc as it produces a large spur beyond the 2 MHz guard band for the PS Band easily exceeding the desired specification of -50 dBm / 100 kHz. Note this failure applies to 10 MHz, 5 MHz and 3 MHz bandwidths.
1.3.2 Power Backoff to Meet Spec

For the leftmost configuration, power backoff will reduce the offending spur to pass the proposed [-50] dBm / 100 kHz protection spec as also identified in [1]. Consider the case illustrated in Figure 2 with a signal level of 23 dBm for the PUCCH, 26 dBc of imbalance and a right-side spur @-29.4 dBm. In a left side configuration this spur would be a strong interferer for the PS Band. The power of the PUCCH was backed off till the right-side spur reached -50 dBm /100 kHz. The magnitude of the required backoff was a surprising 14.7 dB—see Figure 5. This behaviour was unexpected and was verified in the lab. 
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Figures 1 & 2, LTE, PUCCH, 10 MHz, 30 & 26 dB Imbalance, no PR
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Figures 3 & 4, LTE, PUCCH, 5 MHz, 30 & 26 dB Imbalance, no PR
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Figure 7 Backoff of 14.7 dB to achieve -50 dBm/ 100 kHz for 26 dB imbalance.
1.4 ISSUE with 10 MHz Channel 

Consider Figure 6 which illustrates a case of 23 dBm output with no IQ imbalance and a 10 MHz channel. Note that the spectral density becomes lower than -50 dBm / 100 kHz for frequencies further than 8 MHz from the center of the channel. This implies some restriction is needed in this area. In order to achieve the limit of -50 dBm/ 100 kHz the power had to be backed off 10 dB as illustrated by Figure 7.
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Figures 6 & 7, LTE, single RB case, full power and same after 10.4 dB backoff

2 Coexistence Issue for Other Bands

The issues as described will clearly affect other bands in a similar way. As mentioned before, Table 6.6.3.2-1, of the current draft for TS 36.101 proposes requirements of [-50] dBm / MHz (or [-60] dBm /100 kHz) for LTE to LTE coexistence. The meeting of this specification will be at risk for PUCCH transmission whenever the 3rd intermodulated spur from imbalance falls at the other side of the guard-band. Assuming that this spur is at best lightly attenuated by the duplexer the magnitude of the spur is sufficient to affect coexistence for all scenarios where the bandwidth of the band is larger than the guard-band.
3 Conclusion

This contribution shows issues with Band XIII that need addressing. Note that these concerns do not only affect Band XIII but for all other bands where Bandwidth > Guard-band.   

1. Need to find some approach to mitigate the impact of PUCCH emission spectra

2. Need a minimum specification for IQ imbalance e.g., better than -25 dBc, we propose -30 dBc

3. Band XIII 10 MHz bandwidth issue needs further evaluation
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