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1 Introduction

In RAN4#86bis meeting, simultaneous Tx and Rx was discussed widely and a WF [1] was agreed. In the WF, operators were encouraged to propose the potential mandatory simultaneous RxTx band combinations then MSD for these bands will be analyzed. Some general criteria were listed as below, however, the detailed criteria of deciding mandatory simultaneous RxTx need to be specified.
	· Simultaneous RxTx can be mandatory by following some general criteria as listed below:

· For TDD-FDD combinations, the capability shall be mandatory if low-band (below 1GHz) is aggregated with high (i.e. 2.69GHz and above) and mid-band (1GHz to 2.69GHz) TDD cells

· The capability shall be FFS if mid-band (1GHz to 2.69GHz) FDD is aggregated with high (i.e. 2.69GHz and above) TDD cells.

· For TDD-FDD combinations in high FDD bands, the capability is FFS. 

· For TDD-TDD combinations between mid-band and high band, the capability is FFS. 

· For TDD-TDD combinations in high bands, the capability is FFS. 


This paper will further discuss the criteria of mandating simulataneous RxTx.
2 Discussion
Two interfering scenarios were discussed in [2], one is harmonic interference including harmonic mixing, the other is interference caused by limited isolation between Tx and Rx.
According to WF [1], mandatory or optional of simultaneous RxTx should be based on MSD analysis. Theoretically, it is the best way to understand how severe the interference will be for per band combinations then decide the possibility of mandating simultaneous RxTx by evaluating the impact of these MSDs to the system. However, if we following this method then hundreds of band combinations need to be analysed, even we reuse some of the already exist analysis the work load still be quite high which may cause many band and band combinations be removed from Rel-15. Therefore, we may need to rethink about what is the more straight forward way of deciding mandatory simultaneous RxTx band combinations.
Observation 1: Analysing MSDs to decide whether mandatory simultaneous RxTx or not for all band combinations will cause high work load which may result in many band and combinations be removed from Rel-15.
2.1
Harmonic interference
During the discussion of single UL transmission for IMD interference scenarios, the MSD levels for different order IMD interferences were summarized in [4] and shown in Figure 1 below. It can be seen that the averaged MSD for 2nd order IMD interference is 28.05dB and for 3rd order IMD is 14.03dB and different MSD exists under same order IMD for different band combinations. RAN4 finally used the existing of 2nd and 3rd order IMD interference in the Rx transmission bandwidth as the criteria for single UL transmission [3]. Same situation is expected for harmonic interference and it can be deduced that using the order of harmonics to decide mandatory simultaneous RxTx can be potentially an easier method.
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Figure 1: Required MSD for each of IMD orders (re-processed from the table 7.3.1A-0f in TS 36.101)

Observation 2: Existing of 2nd and 3rd order IMD products in the Rx transmission bandwidth is the criteria for single UL transmission caused by IMD interference.
Proposal 1: Using the existence of certain order harmonic interference as one of the criteria to decide mandating simultaneous RxTx instead of certain MSD levels.
For LTE CA, the MSD caused by harmonic interference is defined in TS36.101 Table 7.3.1A-0a. The MSD levels for 2nd order harmonic is about 27.6dB, and for 3rd order harmonic is about 10dB which is at similar level as IMD interference. Thus, we think it is possible to use the existence of 2nd and 3rd order harmonic interference as the criteria to make simultaneous RxTx optional.
Proposal 2: Simultaneous RxTx should be optional when the 2nd or 3rd order harmonic interference fall into the Rx band.
2.2
Tx leakage into Rx
The leakage interference from Tx to Rx is caused by limited isolation as discussed in [5]. The factors include frequency separation between the bands, passband widths, and increased insertion loss, etc. More details can be found below. All these factors are band specific and component performance dependant. We may have to do band combination specific MSD analysis for the potential problem bands. After MSD analysis, the corresponding relation between MSD and simultaneous RxTx need to be specified to align different band discussions. One possible way is to refer the averaged MSD for 3rd order harmonics or IMD, combinations below this averaged MSD shall support simultaneous RxTx.
	· the need to provide sufficient rejection of the two UL signals of the out-of-band emissions from the own TX (e.g. the TDD band must be equipped with an RF filter with sufficient rejection of the FDD UL) while still minimising the passband insertion loss

· on frequency separation between the bands: when two TDD bands (or the TDD and FDD bands) to be aggregated are close to each other in spectrum, then the UE need additional RX protection filters in TDD band for an UL transmission in the FDD band or the other TDD band, thus, spectrum proximity is one of the reasons.   
· passband widths: for bands with large passband widths it is more challenging to provide the requisite RX attenuation in an adjacent band supporting the other CG and will cause larger leakage outside its own band, which may mandate the bands to be separated in frequency (the TX blocker problem is “independent” of the frequency separations between the bands)
· Increased insertion loss in the receiver passband due to required filter rejection of TX blockers (can be relevant also for FDD depending on the band combination arrangement)


Observation 3: Tx leakage to Rx is band specific and component performance dependant which need specific MSD analysis.
Proposal 3: Define a single criteria between MSD and simultaneous RxTx to align different band combination discussions. One possible way is to refer the averaged MSD for 3rd order harmonics or IMD, combinations below this averaged MSD shall support simultaneous RxTx.
3 Conclusion

Observation 1: Analysing MSDs to decide whether mandatory simultaneous RxTx or not for all band combinations will cause high work load which may result in many band and combinations be removed from Rel-15.
Observation 2: Existing of 2nd and 3rd order IMD products in the Rx transmission bandwidth is the criteria for single UL transmission caused by IMD interference.
Observation 3: Tx leakage to Rx is band specific and component performance dependant which need specific MSD analysis.

Proposal 1: Using the existence of certain order harmonic interference as one of the criteria to decide mandating simultaneous RxTx instead of certain MSD levels.
Proposal 2: Simultaneous RxTx should be optional when the 2nd or 3rd order harmonic interference fall into the Rx band.
Proposal 3: Define a single criteria between MSD and simultaneous RxTx to align different band combination discussions. One possible way is to refer the averaged MSD for 3rd order harmonics or IMD, combinations below this averaged MSD shall support simultaneous RxTx.
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