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1 Introduction
The impact of In-device coexistence interference on LAA operation has been discussed in RAN2 [1]. The TR notes that the In-device coexistence solutions that were defined in LTE Release 11 (primarily for simultaneous operation in the 2.4 GHz ISM band and LTE in band 40) can be reused for LAA operation also. Specifically, the FDM and TDM solutions can be used to mitigate the in-device interference problem.
In this contribution we look at how the impact of In-device Coexistence interference on an LAA carrier is different from the impact on a licensed LTE carrier. Based on this we identify some scenarios where the Release 11 IDC solutions can be unsuitable or inefficient.
2 Discussion

Consider two frequencies F1 and F2 such that if UE is transmitting on F1 it causes in-device interference on F2. F1 and F2 may be adjacent frequencies in the 5GHz band, or F1 and F2 may be such that harmonics of frequencies within the F1 range fall within the F2 range causing interference. It may also be the case that F1 in combination with a third frequency F3 causes an intermodulation product that impacts F2. 

Impact on Uplink LAA transmissions 
The in-device interference implies that when the UE is transmitting on F1, reception on F2 is difficult or impossible. So an operator may desire to use F2 as primarily an uplink carrier (i.e., for uplink data transfer) by performing cross carrier scheduling of an LAA SCell on F2 from the PCell or a licensed SCell. In Figure 1 we compare the case where F2 is an LAA carrier to the case where F2 is a licensed carrier. F1 is assumed to be a Wi-Fi carrier. 

Suppose the UE is provided an uplink grant for F2 and the UE also performs Wi-Fi transmissions on F1. The UE’s Wi-Fi transmissions on F1 may overlap in time the periods when the UE is to perform the LAA UL transmissions on F2 as shown. If F2 is a licensed carrier, the UE would perform uplink transmissions as expected using the signalled uplink grant. If F2 is an LAA carrier, any device transmitting on F2 has to first perform an LBT procedure[4] to check whether the channel is clear and is allowed to proceed only if the channel is determined to be clear. Due to the on-going Wi-Fi transmission by the UE on F1, the LBT procedure can fail. This results in the UE not performing the LAA UL transmission. 
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Figure 1
Thus, F2 cannot even be fully utilized as an UL LAA carrier. A TDM solution as defined in Release 11 can of course be used to ensure that Wi-Fi activity on F1 and LAA activity on F2 do not overlap. However, this is clearly sub-optimal, considering that:
· If F2 were a licensed carrier, the problem would not exist; and

· The LBT duration is much smaller than any transmissions (e.g. fraction of an OFDM symbol, if frame based LBT is used for LAA uplink), and disallowing LAA uplink transmissions due to interference solely during this short duration seems inefficient.

Therefore we think that RAN2 needs to discuss the importance of this scenario and whether there is any flexibility in the LBT requirement at the UE before uplink transmission.

Proposal 1: RAN2 should discuss the In-device interference impact on the uplink LAA transmissions and potential solutions, and determine whether they have a standards impact.
LAA eNB Considerations
As shown in Figure 1, in-device interference due to transmissions of F1 can impact the LBT procedure on F2 resulting in the device not being able to transmit on F2. The industry is increasingly moving towards small cell platforms that support both LTE and Wi-Fi simultaneously (see [5]

 REF _Ref290326038 \r \h 
[6]). Also see the new work item on LTE-WLAN Radio Level Integration [7] that envisions aggregation using small cells that integrate LTE and Wi-Fi capabilities.  Such devices are meant to be physically quite small so that they can be installed indoors with ease. Consequently, such devices can have the same types of in-device interference problems that UEs face. Given that LAA and Wi-Fi both operate in the unlicensed 5 GHz band, and that there are already Wi-Fi deployments in the 5 GHz band, it seems quite likely that there will be small cells that support both LAA and Wi-Fi in the 5 GHz band.
For such LAA LTE+Wi-Fi small cells, the consequence of the in-device interference could be more significant than for UEs. Consider a small cell operating Wi-Fi on carrier F1 and LAA LTE on carrier F2. Further assume that F2 is used as primarily an LAA downlink carrier. Any Wi-Fi transmission (to any device) by the small cell on F1 can interfere with the LBT procedure on F2, disallowing the subsequent transmission on F2 by the small cell. 
As a result, F2 cannot be fully utilized as a DL only LAA carrier. A TDM solution would need to be used by the small cell, even though the small cell does not perform any reception on F2. Similar observations as in the previous section apply, and the use of a TDM solution appears to be sub-optimal, given: (a) the problem would not occur if F2 were a licensed carrier, and (b) the interference just to the relatively short LBT procedure impacts the subsequent transmission (which could otherwise be transmitted without a problem). 
Proposal 2: RAN2 should discuss the importance of LAA LTE + Wi-Fi small cells and the impact of the in-device coexistence problems.
Another scenario to consider is the small cell operating LAA LTE on both carriers F1 and F2. Similar to the previous case, we assume that the LAA cells on F1 and F2 are used for downlink transmissions only. Again any transmission on F1 impacts transmission on F2 by interfering with the LBT procedure on F2. Consequently a TDM solution would be needed between two LAA LTE carriers, even if neither of the two LAA carriers support uplink transmissions. 
Proposal 3: RAN2 should investigate the problems In-device coexistence interference at an LAA eNB in adjacent carrier LAA operations and solutions for the same.
Adjacent carriers with frequency overlap

Adjacent carriers in the 5 GHz band are separated such that the center frequencies are separated by 20 MHz; however, the bandwidth of Wi-Fi carriers is 22 MHz. This results in a frequency overlap when two adjacent carriers are used. Due to the frequency overlap a device can only transmit on one of the two carriers at any given time. However, transmission on one carrier can cause in-device interference to reception on the other carrier. 
Suppose carriers F1 and F2 are two carriers with a partial frequency overlap. F1 is operated as a Wi-Fi carrier and F2 is operated as an LAA carrier. When a UE transmits on F1 reception of the LAA DL on the F2 is impacted. Likewise, when UE transmits on F2, Wi-Fi reception on F1 is impacted. 
This would suggest a TDM solution in which the UE negotiates mutually exclusive time periods for LAA and Wi-Fi operations. However, given the frequency overlap, the carrier sense mechanisms on F1 and F2 can be used to have a natural time partition of activities between the two carriers, as shown in Figure 2. That is, when a LAA eNB is transmitting on F2, the UE’s Clear Channel Assessment (CCA) procedure on F1 should be able to detect the LAA eNB’s transmission. This then results in the UE’s CCA failing and the UE not transmitting on F1, thus avoiding any in-device interference impact to reception on F2. Vice versa, when the UE is transmitting on F1, the LAA eNB’s LBT procedure on F2 should be able to detect the UE’s transmission on F1, resulting in an LBT failure and the eNB not transmitting on F2.
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Figure 2
Similarly, when a Wi-Fi AP is transmitting on F1, the UE’s LBT procedure on F2 should be able to detect the Wi-Fi AP’s transmission and result in LBT failure. This then prevents the UE from performing any LAA uplink transmissions, thus avoiding any in-device interference impact to reception on F1. And vice versa, when the UE is performing an LAA uplink transmission on F2, the CCA procedure at the Wi-Fi AP on F1 fails and results in avoidance of in-device interference.
This natural time-sharing between F1 and F2 is imposed by the carrier sense mechanisms and does not require the use of a TDM solution as defined in LTE Release 11. Such an approach is also preferable to the TDM solution as it adapts more readily to the traffic conditions on the two carriers. In order to facilitate this, the UE’s choice of LAA eNBs and Wi-Fi APs should be such that transmission on one carrier should be detectable at the AP or eNB on the other carrier.
Proposal 4: For adjacent carriers with a partial frequency overlap, time sharing based on carrier sense mechanism is preferred over a TDM solution. 
3 Summary

In this contribution we have analysed the impact of in-device coexistence interference on LAA operation. It is well understood that in-device interference between frequencies causes a device to be unable to receive signals on one frequency when transmitting on the other. In the context of LAA, due to the requirement to perform LBT prior to transmission, even simultaneous transmissions are on the two frequencies are impaired. This affects not only UEs but also small cells that operate both LAA and Wi-Fi and small cells that operate multiple LAA carriers. While TDM solutions previously specified for In-device coexistence can be used, they are not efficient for the scenarios identified.
Additionally, we observe that if two adjacent carriers have a partial frequency overlap (and consequently experience in-device coexistence interference), it may not be necessary, and may be inefficient, to use a TDM solution to mitigate the problem. 
In-device coexistence issues could in some cases be resolved using non-standardized, implementation-based approaches. However, we believe it is essential to discuss the issues and whether the solutions require standardization. Our proposals are as follows:

Proposal 1: RAN2 should discuss the In-device interference impact on the uplink LAA transmissions, potential solutions and determine whether they have a standards impact.
Proposal 2: RAN2 should discuss the importance of LAA LTE + Wi-Fi small cells and the impact of the in-device coexistence problems.
Proposal 3: RAN2 should investigate the problems In-device coexistence interference at an LAA eNB in adjacent carrier LAA operations and solutions for the same.
Proposal 4: For adjacent carriers with a partial frequency overlap, time sharing based on carrier sense mechanism is preferred over a TDM solution. 
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