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1
Introduction
During RAN4#80, there was a comment that devices in mmWave are not most likely to have filters in their RF front end. In this contribution, we discuss what kind of aspect would affect UE implementation and how to proceed with the discussion on this aspect. 
2
Motivation
Firstly, this contribution itself is not in a position to propose to implement filters in mmWave devices. Our motivation is simple. If the necessity of filters is identified at very later stage in SI or even WI phase, it may affect the future commercial launch in mmWave. The motivation of this paper is not to cause such situation. In order to achieve that objective, we believe that it would be better to study this aspect not based on the speculation. In principle, filters exist to obtain isolation. In order to discuss the necessity, when, between what and what and how much isolation is required  as well as how the isolation should be obtained needs to be studied. 

3
Discussion
One of the premises of this paper is that TDD is assumed as duplex mode. From the current 36.101, spurious emission band for UE co-existence and out of band blocking requirements would be the potential requirements which may require large isolation at least for Stand Alone operation (hereafter referred to as "SA”), which requires isolation between different terminals or terminals and other systems.  Another important aspect we should take into account is Carrier Aggregation (CA), which requires isolation between different operating bands supported by a termianl for Non Stand Alone (hereafter referred to as "NSA”).

Observation 1: 

· For SA, at least spurious emission band UE co-existence and out of band blocking requirements require isolation between different terminals or terminals and other systems for SA.

· For NSA, in addition to the above, isolation between different operating bands supported by a terminal is required

The impact of the spurious emission band UE co-existence and out of band blocking on UE implementation specifically for filters are addressed in companion papers of [1, 2]. 

For NSA, the isolation between bands supported by a terminal shall be guaranteed to make maximum use of CA feature. Otherwise, the availability of CA would be limited to conditions such as transmit power of the legacy LTE band is sufficiently low and/or the received signal level(s) is significant high. For these reasons, this isolation is quite important, we believe.  In our understanding, it seems at least 55 dB to suppress their own Tx signal is requested conventionally. This principle would apply to carrier aggregation case. Hence, terminals supporting a certain CA configuration need to have that isolation level by some means for example, using duplexers and multi-plexers. Note that a duplexer specific to certain band can provide 55 dB against their Tx while it is quite challenging to suppress the signal far away from their own Tx signal with the same amount of level. Thus, multi-plexers works to compensate for this shortfall. Note that in CA case, we can consider the Tx power post duplexers or switch, so that the required value may be slightly different from 55 dB. With these brief assumptions, we discuss required isolation and means for CA configuration between a legacy LTE band and a band to be defined in mmWave.

From legacy LTE perspective
Firstly, in our understanding, the current LTE duplexer specifications do not cover their frequency response up to mmWave. Thus, it is not sure how much isolation the legacy LTE SAW duplexers can provide. Although we are going to check the values, the expected isolation would not be so much large as far as we see the behaviour of the frequency response in higher frequencies. In addition, solutions to use multiplexer such as diplexer may not be suitable for this CA between a legacy LTE band and a band in mmWave since one of them is assumed to be fully integrated. Thus, the circuit may be exclusive to the bands below 6GHz, which are completely far awary from the mmWave. A way to compensate for this poor isolation of LTE SAW filter in mmWave would be taking isolation via air between two antennas implemented in one terminal. Note that one of them is antenna arrays.
Observation 2: Current LTE SAW filters such as duplexers and band pass filters may not be able to provide sufficient isolation against mmWave frequency range. In addition, using multiplexer may not be suitable for this type of CA between legacy LTE band and band to be defined in mmWave. 

From mmWave perspective
From a comment by chipset vendors in RAN4, it is expected that there is a significant challenges to implement filter in mmWave devices. This may come from the fact that the IL in the RF front end impacts on the quality of wanted signal ( specifically this does apply to even when CA is not used), the value would be large due to the high frequency, it takes cost and impacts on size if each antenna element has filters etc. Provided that filters are required to obtain sufficient isolation against the legacy bands, we need to find out suitable filter technologies in mmWave since as far as we know only ceramic filters could be a candidate but this may not be able to have sharp and deep frequency response against bands even below 6GHz. Considering this situation, as was discussed in Legacy LTE perspective, isolation between antennas via air between two antennas implemented in one terminal would be one of the candidates. The required, isolation may be different from what to be required for 700MHz bands and 3.5GHz via antennas. In addition, the behaviour of mmWave devices on this aspect is not sure at this moment.

Observation 3: In mmWave, using filters themselves cause challenges and developing filters are also challenging. In addition, without filter, required isolation via antennas becomes large and the behaviour is not sure at this moment.

From the above observations, we believe that technically clarifying the required isolation between a legacy LTE band and a band to be defined in mmWave and how to obtain it is quite important and urgent since once we identify the necessity of using filters, we need to find out suitable filter technologies based on the assumption we will identify. 
3
Conclusions

In this paper we share the following three observations.

Observation 1: 

· For SA, at least spurious emission band UE co-existence and out of band blocking requirements require isolation between different terminals or terminals and other systems for SA.

· For NSA, in addition to the above, isolation between different operating bands within a “terminal” is required

Observation 2: Current LTE SAW filters such as duplexers and band pass filters may not be able to provide sufficient isolation against mmWave frequency range. In addition, using multiplexer may not be suitable for this type of CA between legacy LTE band and band to be defined in mmWave. 

Observation 3: In mmWave, using filters themselves cause challenges and developing filters are also challenging. In addition, without filter, required isolation via antennas becomes large and the behaviour is not sure at this moment.

Based on the above observations, we propose the followings to facilitate the future discussion on this aspect.

Proposal 1: Study and identify required isolation between a legacy LTE band and a band to be defined in mmWave such as 28 GHz spectrum and how to obtain that isolation in SI phase.
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