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1 Introduction

Based on discussions of the co-existence study item in RAN2, there is a need to demonstrate scenarios where co-existence gap patterns are needed only on the UL traffic (and not on both UL and DL traffic). Such a scenario would arise if 

1. There is no interference from the co-existing technology to the LTE DL; 

2. PUSCH transmissions cause interference to the co-existing technology, necessitating gaps in the UL traffic to allow the co-existing technology to operate.

3. There is no interference from PUCCH transmissions to the co-existing technology. This condition is needed since the PUCCH carry the ACKs for DL packets when there is no PUSCH. Hence, during the PUSCH gaps, ACKs on the PUCCH need not be stopped to allow the co-existing technology  to operate and no DL gap is needed.

In this paper, we show that the interference between LTE in Band 7 and WLAN in the ISM satisfies the above conditions. We have already shown in [1] that conditions 1 and 2 are satisfied for this case. In particular, the LTE DL is above 2620 MHz and is not expected to have any interference from WLAN transmissions. In addition, LTE PUSCH transmissions at 2510 MHz can cause significant interference to WLAN. Hence, the focus of this paper is to show that condition 3 is also satisfied, i.e., there is no interference from PUCCH transmission in Band 7 to WLAN. 
2 Interference Analysis
The assumptions for the analysis are generally the same as those in [1] and are as follows. We analyze the total interference impact (from blocking and spurious) at the WLAN receiver, under the worst case scenarios where the aggressor is transmitting at maximum power and the victim is receiving at sensitivity. We  also assume the best known filters (based on FBAR technology) and filter response variations over temperature and process are considered. Other assumptions are: 

· LTE power: 23dBm

· WLAN sensitivity: -79dBm

· Antenna isolation: 12 dB

In Figure 2‑1 we show the margin in the interference caused by LTE to WLAN. We define the margin here to be difference (in dB) between the interference level required to cause a desense of 3 dB, and the actual LTE interference. Here, the desense is defined to be 10log10(1+α) where α is the ratio between the coexistence interference and the noise floor. For instance, for WLAN, the sensitivity is -79dBm and the required SNR is about 5 dB. Hence, the  noise (and interference from sources other than in-device co-existence) is at -84 dBm. If the LTE interference is also equal to –84 dBm, the desense is 3 dB and the margin is 0 dB. If the LTE interference is at -94 dBm instead, the interference margin is 10 dB and the desense is reduced to about 0.4 dB.

In Figure 2‑1, each row corresponds to one victim center frequency and each column corresponds to one aggressor center frequency. For the PUCCH case, the interference caused is sensitive to the location of the PUCCH RB within the LTE band, and the aggressor center frequency corresponds to this location. For a given aggressor and victim center frequencies, the cell color indicates the desense impact on the receiver and we use the following color code: White means margin greater 25 dB,  green means margin between 15 and 25 dB.  

Since the margin is at least 15 dB, even the worst-case desense due to PUCCH is only about 0.1 dB, and the interference is clearly not significant. Since the PUCCH is narrowband and there is 20 MHz guard between Band 7 and the highest WLAN channel, the emissions in WLAN band can be reduced by the Band 7 duplexer. Similarly,  the 20 MHz guard allows the the ISM filter to attenuate the PUCCH signal significantly and the narrow bandwidth ensures there is no leakage from the residual jammer due to receiver non-linearity.
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Figure 2‑1: Interference impact from PUCCH in Band 7 on WLAN
3 Conclusion

Based on our analysis, there is no significant interference from PUCCH in Band 7 in WLAN in the ISM band. As discussed in Section 1, this implies that this co-existence problem can be addressed by creating gaps only in UL traffic (i.e. gaps in PUSCH), without any gaps in the DL traffic. 
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