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1	Introduction
In RAN1#76bis meeting, a WF was approved regarding TDD is used as Pcell for TDD-FDD joint operation [1]. Hence, additional consideration in RAN4 is needed for the scenario of that TDD TX is transmitting while FDD RX is receiving. In this contribution, a further study has been conducted regarding the issues.    

2	Discussion
2.1 Background
For standalone TDD operation, TX and RX are operating on different time slots. Therefore TDD TX has relative “loose” OOBE requirement. Because there is no RX is active when TDD TX is transmitting, TDD TX does not need to protect UE self RX. TDD TX has either “no TX filter” or a “low IL/ low Out-of-band attenuation filter”. However, when TDD has been agreed to be used as PCell in TDD-FDD joint operation, TDD TX needs to consider additional protection to pertinent RX band. In another words, TDD TX OOBE and SE on the spectrum of RX band leaks into FDD RX path, causing degradation on FDD RX depending on the power level of the leakage. In previous meetings, TDD-FDD joint operation architectures have been discussed. Analysis is conducted in this contribution regarding additional protection from TDD TX. Meanwhile, below are assumptions for analysis:
1. PA output noise is 130dBm/Hz, and it is -70dBm/MHz;
2. In single TDD operation, TDD TX OOBE and SE upper bound limit is -50dBm/MHz;
3. To avoid FDD RX degradation from TDD TX OOBE on FDD RX spectrum, the leakage power level needs to be 9dB lower than RX REFSENS. Given the values of REFSENS of B1, B3 and B8, they are translated to -107dBm/MHz, -104dBm/MHz and -104dBm/MHz. Therefore, maximal allowable leakage power levels to FDD RX spectrum at the input of LNA are -116dBm/MHz, -113dBm/MHz and -113dBm/MHz.
2.2 H/L architecture
For simultaneous TX and RX, the reference architecture is shown in Figure 2.1 [2][3]. 


Figure 2.1 TDD-FDD H/L reference architecture (figure 2-1 of [2])

With above architecture, we can derive the attenuation needed on FDD RX spectrum from TDD TX filter as below:   Lmax = LTDD – Attenfilter - Attendiplexer
Lmax : Maximal allowable TDD TX leakage on RX spectrum, which is -113dBm/MHz for B8;
LTDD: Power level of TDD TX leakage, which is -70dBm/MHz;
Attenfilter: Attenuation on FDD RX provided by TDD TX filter, which is unknown;
Attendiplexer: Attenuation on FDD RX provided by diplexer, which is 15dB.
Regarding H/L case scenario, TDD TX cc is quite far away from FDD RX on spectrum. Therefore, -70dBm/MHz is used to be the power level at FDD RX frequency from TDD TX transmitting, which is 20dB lower than TS36.101 specification for co-existence requirement. From the calculation, Attenfilter is derived to be 28dB.Therefore, the minimal attenuation TDD TX filter needs to provide on pertinent FDD RX band is 28dB. 

Proposal 1: For TDD-FDD joint operation, with H/L architecture, minimal 28dB attenuation of TDD TX filter is required, on pertinent FDD RX spectrum.

2.3 H/H or L/L architecture
For simultaneous TX and RX, the reference architecture for H/H or L/L CA is shown in Figure 2.2 [2][3]. 


Figure 2.2 TDD-FDD H/L reference architecture (figure 2-3 of [2])

With above architecture, we can derive the attenuation needed on FDD RX spectrum from TDD TX filter as below:   Lmax = LTDD – Attentriplexer 
Lmax : Maximal allowable TDD TX leakage on RX spectrum, which are -116dBm/MHz and -113dBm/MHz for B1 and B3;
LTDD: Power level of TDD TX leakage, which is -70dBm/MHz;
Attentriplexer: Attenuation on FDD RX provided by TDD TX filter, which is unknown;
[bookmark: _GoBack]Regarding existing H/H case scenarios of B1+B41, B1+B42 and B3+B40, TDD TX cc is also far away from FDD RX on spectrum. Therefore, -70dBm/MHz of PA noise floor is used to be the OOBE power level from TDD TX transmitting, which is 20dB lower than TS36.101 specification for co-existence requirement. From the calculation, Attentriplexer values are derived to be 46dB for B1 and 43dB for B3.Therefore, the minimal attenuation triplexer needs to provide on pertinent FDD RX band are 46dB for B1 and 43dB for B3. 
Proposal 2: For TDD-FDD joint operation, with H/H architecture of B1+B41, B1+B42 and B3+B40, minimal 46dB and 43dB attenuation of filtering is required for B1 and B3 DL band.


3	Conclusion
In this contribution, a study and its results have been illustrated regarding TDD TX filter and triplexer requirement for protection of FDD RX in FDD-TDD joint operation. Two proposals are presented. 
Proposal 1: For TDD-FDD joint operation, with H/L architecture, minimal 28dB attenuation of TDD TX filter is required, on pertinent FDD RX spectrum.

Proposal 2: For TDD-FDD joint operation, with H/H architecture of B1+B41, B1+B42 and B3+B40, minimal 46dB and 43dB attenuation of filtering is required for B1 and B3 DL band.
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