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Introduction
[bookmark: _GoBack]During RAN4#87 meeting the simultaneous RxTx UE capability was discussed. It was agreed that for LTE combinations with both UL for which this capability was supported, the same will be adopted for LTE-NR NSA combinations. However, for the other band combinations the capability will be discussed case by case. In this contribution we provide our view for the simultaneous RxTx UE capability on the list of combinations from the WF [1].
Discussion
In the WF for simultaneous RxTx was agreed that for LTE combinations with both UL for which this capability was supported, the same will be adopted for LTE-NR NSA combinations. In this contribution we provide our view on the capability for the simultaneous RxTx for the other band combinations. 
Background
	
WF for simultaneous RxTx UE capability for NR [1]
· For LTE combinations with both UL for which this capability was supported, the same will be adopted in LTE-NR NSA combinations
· For other band combinations, the capability will be discussed on case by case basis
· Example Criteria: band combinations involving bands that are close to each other will be discussed on case-by-case basis; Example combinations: 7+38, 3+39, 7+40 
· Other criteria are not precluded
In the WF the following list of combinations were given which need to be studied case-by-case:
	CA_n39A-n41A
DC_39A-n41A 
 CA_n41A-n79A
DC_41A-n79A
	CA_n41A-n78A
DC_41A-n78A
DC_41A-n77A

	B3 + B39
 B7 + B40 
B7+ B38


SUL Ad hoc minutes [2]
Summary:
	EN-DC with SUL band combinations
	LTE band/NR SUL band
	NR band

	DC_3_SUL_n78-n80
	1.8G
	3.5G

	DC_8_SUL_n78-n81
	900M
	3.5G

	DC_20_SUL_n78-n82
	800M
	3.5G

	DC_28_SUL_n78-n83
	700M
	3.5G

	DC_1_SUL_n78-n84
	1.9G
	3.5G

	DC_66_SUL_n78-n86
	1.8G
	3.5G

	DC_3_SUL_n79-n80
	900M
	4.9G

	DC_8_SUL_n79-n81
	800M
	4.9G

	DC_3_SUL_n78-n82
	800M, 1.8G
	3.5G

	DC_20_SUL_n78-n83
	700M, 800M
	3.5G






Simultaneous RxTx Analysis 
As agreed in the WF for simultaneous RxTx UE capability the following CA/DC combinations capability will be discussed case by case. In this subsection we provide our analysis on each of the band combinations given in the WF:
· CA_n39A-41A and DC_39A-41A
	Bands
	Uplink [MHz]
	Downlink [MHz]

	n39
	1880 - 1920
	1880 - 1920

	n41
	2496 - 2690
	2496 - 2690



Both bands are TDD bands. The frequency gap between band n39 and n41 is around 600 MHz. A TDD filter for band n39 has not enough attenuation in band n41. An example shown in Figure 1 shows that the attenuation from a typical n39 filter will have around 3 dB attenuation in the n41 band.  TDD filters have usually worse attenuation compared to FDD filters, since the assumption is that transmit and receive will not be simultaneous as it is the case in FDD. 
Figure 1: Attenuation of B39 filter of Vendor A

We also need to consider the attenuation from the n-plexer, in these band combinations both are high frequency bands. Frequency above 1 GHz is usually covered by a high-pass filter and the bands above 1 GHz will pass through this filter. Since n39 and n41 are both in this frequency range, they both pass through the high-pass filter and there isn’t any isolation between them. Therefore we assume no selectivity in the diplexer.
The Tx power from band n41 will be too strong since there is not enough attenuation from the n-plexer and the n39 filter, which will result in the blocking of the LNA and the mixer in the receiver. Therefore even if the definition of a high MSD is consider, it would not be useful since the receiver is completely blocked due to the high jammer at the transceiver port.
Observation 1: Both bands pass through the high-pass filter and there isn’t any isolation between them. Therefore we assume no selectivity in the diplexer.
Observation 2: The high Tx power at the transceiver port will block the LNA and the mixer in the receiver.
Proposal 1:	For CA_n39A-41A and DC_39A-41A the capability is optional 

· CA_n41A-n78A and DC_41A-n78A, DC_41A-n77A
	Bands
	Uplink [MHz]
	Downlink [MHz]

	n41
	2496 - 2690
	2496 - 2690

	n78
	3300 - 3800
	3300 - 3800

	n77
	3300 - 4200
	3300 - 4200




Both bands are TDD bands. The frequency gap between band n41 and n78 is around 600 MHz limiting the roll-off of the filter. Furthermore the n78 filter will need to cover a wide BW of 500 MHz in order to suppress the Tx leakage. For the case of n77 filter the implementation turns more complex since the bandwidth is 900 MHz with only a separation of 600 MHz between n41 and n77.

In the table below we provide the values of attenuation for the frequency range which enclose the frequency range of n78 and n77 of a filter for B41 of Vendor B. From this table we assume that the attenuation in a typical case will approximately 27 dB and worst case 20 dB.


	
	Attenuation in frequency range [MHz]
	Min [dB]
	Typ [dB]

	S21
	Attenuation, 2850 – 3000 MHz
	18
	28

	S21
	Attenuation, 3000 – 4992 MHz
	20
	27



Similar to band 41 and band 39, the bands n41, n77, n78 are high bands and no selectivity is expected from the diplexer. If we consider a Tx power of 23 dBm from band n77/78 and the band 41 filter can only attenuate 27 dB, which results in a Tx power at the external LNA input of -4 dBm. In the case of an eLNA with 18 dB gain, the Tx power at the transceiver input is +14 dBm which is too high. For a Tx power of 26 dBm for the HPUE bands, the Tx power at the transceiver input becomes even worse reaching +17 dBm.
The filter doesn’t provide enough attenuation of interferer. The receiver will be blocked and the definition of the MSD will not be useful. Therefore we propose to make this combinations optional.

Observation 3: The filter of band 41 doesn’t provide enough attenuation of interferer. The receiver will be blocked and the definition of the MSD will not be useful.
Proposal 2:	For CA_n41A-n78A, DC_41A-n78A and DC_41A-n77A the capability is optional 

· CA_n41A-n79A and DC_41A-n79A
	Bands
	Uplink [MHz]
	Downlink [MHz]

	n41
	2496 - 2690
	2496 - 2690

	n79
	4400 - 5000
	4400 - 5000



There is a 2nd harmonic impact considering when transmitting in band n41 and receiving in n79, also when transmitting in band n79 there is sub-harmonic falling in the receiving band n41:
a) Harmonic impact: 2*n41_TX = n79_RX
b) Sub harm impact n79_TX / 2 = n41_RX

Furthermore, when considered dual connectivity and both bands are transmitting there is IMD2 impact (n79_Tx – n41_Tx = n41_Rx) falling in the receive band n41.
Besides the problem with the harmonics and sub-harmonics, the band filter for n41 will not have enough attenuation in the n79 band (assuming around 27 dB attenuation). In this case the Tx power at the transceiver input will be also too high, blocking the receiver. Therefore we propose to make these combinations optional
Observation 4: Besides the harmonic and sub-harmonic problem, the band filter for n41 will not have enough attenuation in the n79 band, and the Tx power at the transceiver input will be too high.
Proposal 3:	For CA_n41A-n79A, DC_41A-n79A and DC_41A-n77A the capability is optional 

· B7 + B38
	Bands
	Uplink [MHz]
	Downlink [MHz]

	B7
	2500 - 2570
	2620 - 2690

	B38
	2570 - 2620
	2570 - 2620



This combination leaves no frequency gap between B7 and B38. In case we would have B7 transmitting and B38 receiving, it wouldn’t be possible to have isolation between both bands. In LTE there is a combination 3A-7A-38A with 3DL/1UL however, when the combination only considers Tx in B7 or B38 it´s not possible to support.
Observation 5: There is no frequency gap between B7 and B38, the isolation between both bands is not feasible.
Proposal 4:	For B7 + B38 the capability cannot be supported when Tx in B7 or B38.
· B3 + B39
	Bands
	Uplink [MHz]
	Downlink [MHz]

	B3
	1710 - 1785
	1805 - 1880

	B39
	1880 - 1920
	1880 - 1920



For the case of transmit in B39 and receive in B3, the frequency gap is 0 MHz making not possible the support of this band combination when transmitting in B39. For the case of transmit in B3 and receive in B39, the frequency is separation is 95 MHz. The small frequency separation between Rx and Tx makes it difficult for the filter to have enough attenuation coming from the Tx. As it can be seen from Figure 1, the attenuation is almost 0 dB for the frequency range of 1880 to 1920. Thus, we propose to have this band as optional.
Observation 6: There is no frequency gap between bands when Tx B39 and Rx B3.
Proposal 5:	For B7 + B39 the capability is optional 
· B7 + B40

	Bands
	Uplink [MHz]
	Downlink [MHz]

	B7
	2500 - 2570
	2620 - 2690

	B40
	2300 - 2400
	2300 - 2400







Figure 2: Filter attenuation of B40 Tx in B7 Tx

As mentioned previously for frequencies above 1 GHz the bands will pass through a high-filter, having no isolation between them. Therefore, for B7 and B40 combination it is assumed no selectivity in the diplexer. Furthermore, the typical available attenuation of B40 PAD (integrated PA, filter and eLNA) is approximately 10 to 15 dB at B7 Tx. Therefore if we consider that the Tx power is 23 dBm, the Tx power at transceiver input will be +13 dbm up to + 18 dBm. The high Tx power level will block totally the receiver. 

Observation 7: The high Tx power at the transceiver port will block the LNA and the mixer in the receiver
Proposal 6:	For B7 + B40 the capability is optional

· DC_3_SUL_n78-n82
	Bands
	Uplink [MHz]
	Downlink [MHz]

	B3
	1710 - 1785
	1805 - 1880

	n78
	3300 - 3800
	3300 - 3800

	n82
	832  – 862
	N/A



We are considering the following combinations:
1) Tx_3A, Rx_3A, Tx_n78 (IMD2, IMD4 impact)
For the case with two uplinks, transmitting in B3 and in n78 while receiving in B3. In this case there is IMD2 impact from n78 and n3 Tx falling in the receiver band B3 (n78_TX - n3_TX = n3_RX) and IMD4 impact as well (3*n3_TX - n78_TX = n3_RX). For this cases we have a MSD definition in TS 38.101-1 as shown below: 
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA 
Configuration
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n3A-n78A
	n3
	1740
	5
	25
	1835
	[26]
	FDD
	IMD24

	
	
	
	
	
	
	[28.75]
	
	

	
	n78
	3575
	10
	25
	3575
	N/A
	TDD
	N/A

	CA_n3A-n78A
	n3
	1765
	5
	25
	1860
	[8.0]
	FDD
	IMD44

	
	
	
	
	
	
	[10.75]
	
	

	
	n78
	3435
	10
	25
	3435
	N/A
	TDD
	N/A

	NOTE 1:	Both of the transmitters shall be set min(+20 dBm, PCMAX_L,f,c) as defined in subclause 6.2A.4
NOTE 2:	RBSTART = 0, 15kHz SCS is assumed.
NOTE 3:	No requirements apply when there is at least one individual RE within the intermodulation generated by the dual uplink is within the downlink transmission bandwidth of the FDD band. The reference sensitivity should only be verified when this is not the case (the requirements specified in clause 7.3 apply).
NOTE4:	This band is subject to IMD5 also which MSD is not specified.
NOTE 5:	Applicable only if operation with 4 antenna ports is supported in the band with carrier aggregation configured.



2) Tx_3A, Rx_3A, RX_n78, Tx_n82 (2nd harmonic)
For the case with two uplinks, transmitting in B3 and SUL band n82, while receiving in B3 and n78 bands, there is an impact on second harmonic falling in the receiver band n78 (2*B3_Tx = n78_Rx).
	MSD due to harmonic exception for the DL band

	UL band
	DL band
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	
	
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB

	n3
	n771,2
	
	23.9 
	22.1 
	20.9 
	
	
	17.9
	16.9
	16.1
	
	
	

	
	n773
	
	1.1
	0.8
	0.3
	
	
	
	
	
	
	
	

	n3
	n781,2
	
	23.9 
	22.1 
	20.9 
	
	
	17.9
	16.9
	16.1
	
	
	

	
	n783
	
	1.1
	0.8
	0.3
	
	
	
	
	
	
	
	



The MSD due to harmonics and intermodulation is considered in TS 38.101-1. However we have to take into account that for Tx B3 and Tx n78, the feedback receiver (FBR) cannot separate both carriers. In order words, the FBR cannot distinguish if the Tx power detected by the coupler at the antenna point comes mainly from the Tx n78 or from Tx n78 + 2*Tx B3. The second harmonic of Tx B3 appear at the same frequency as the Tx n78 band at the antenna. In consequence the FBR cannot control the power of TX n78 accurately. Therefore we propose to make this combination optional.
Observation 8: The FBR cannot control the power of Tx n78 accurately
Proposal 7:	For DC_3_SUL_n78-n82 the capability is optional
· DC_20_SUL_n78-n83
	Bands
	Uplink [MHz]
	Downlink [MHz]

	B20
	832 - 862
	791 - 821

	n78
	3300 - 3800
	3300 - 3800

	n83
	703 – 748
	N/A



For the case with two uplinks, when transmitting B20 and band n83, while receiving in n78. In this case there is a 4th harmonic impact from band 20 falling in the receiver band n78 (4*20_TX = n78_RX). For this case there is a MSD definition for B20 4th harmonic in 36.101. However, this has not been considered in 38.101-1.
Another issue for this band combination is the isolation. In the case of low and high band frequencies the separation can be done by a triplexer. This triplexer is an integration of a low pass and high pass filter, which can provide an isolation of 25 – 30 dB. However, for a low and low band – as it is the case of B20 and n83 - there is not enough separation between frequencies making the isolation of the triplexer almost negligible. For these reasons, we propose to have this band combination as optional
Observation 9: There is not enough separation between frequencies making the isolation of the triplexer almost negligible
Proposal 8:	For DC_20_SUL_n78-n83 the capability is optional

Conclusion
In this contribution, we provide our view on the simultaneous RxTx UE capability on the list of CA/DC combinations shared on the WF [1].
Observation 1: Both bands pass through the high-pass filter and there isn’t any isolation between them. Therefore we assume no selectivity in the diplexer.
Observation 2: The high Tx power at the transceiver port will block the LNA and the mixer in the receiver.
Observation 3: The filter of band 41 doesn’t provide enough attenuation of interferer. The receiver will be blocked and the definition of the MSD will not be useful.
Observation 4: Besides the harmonic and sub-harmonic problem, the band filter for n41 will not have enough attenuation in the n79 band, and the Tx power at the transceiver input will be too high.
Observation 5: There is no frequency gap between B7 and B38, the isolation between both bands is not feasible.
Observation 6: There is no frequency gap between bands when Tx B39 and Rx B3.
Observation 7: The high Tx power at the transceiver port will block the LNA and the mixer in the receiver
Observation 8: The FBR cannot control the power of Tx n78 accurately
Observation 9: There is not enough separation between frequencies making the isolation of the triplexer almost negligible
Proposal 1:	For CA_n39A-41A and DC_39A-41A the capability is optional 
Proposal 2:	For CA_n41A-n78A, DC_41A-n78A and DC_41A-n77A the capability is optional 
Proposal 3:	For CA_n41A-n79A, DC_41A-n79A and DC_41A-n77A the capability is optional 
Proposal 4:	For B7 + B38 the capability cannot be supported when Tx in B7 or B38.
Proposal 5:	For B7 + B39 the capability is optional 
Proposal 6:	For B7 + B40 the capability is optional
Proposal 7:	For DC_3_SUL_n78-n82 the capability is optional
Proposal 8:	For DC_20_SUL_n78-n83 the capability is optional
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