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1	Introduction
In last RAN #91e meeting, a new WID on the simultaneous Rx/Tx for the band combinations was approved. The objectives are cited as follow:
1. Define clear principles for FDD-TDD or TDD-TDD band combinations for which can support or not support simultaneous Rx/Tx for FR1, FR2 and FR1+FR2.
a. The principles should be studied firstly before detailed analysis carried out for specific band combinations
2. Identify for each FDD-TDD and TDD-TDD band combinations for CA, SUL, MR-DC and simultaneous Rx/Tx capability NR-DC based on technical analysis in parallel with the basket WI intending to introduce the band combination.
3. Align the specification treatment of simultaneous Rx/Tx capability for CA, SUL, MR-DC and NR-DC band combinations.

In this contribution, we give some initial discussions.
2	Discussion
Currently, three following simultaneous Rx/Tx capabilities are defined in TS38.306 for inter-band NR CA, SUL and inter-band ENDC, respectively. 
	simultaneousRxTxInterBandCA
Indicates whether the UE supports simultaneous transmission and reception in TDD-TDD and TDD-FDD inter-band NR CA. It is mandatory for certain TDD-FDD and TDD-TDD band combinations defined in TS 38.101-1 [2], TS 38.101-2 [3] and TS 38.101-3 [4].
	BC
	CY
	N/A
	N/A

	simultaneousRxTxSUL
Indicates whether the UE supports simultaneous reception and transmission for a NR band combination including SUL. Mandatory/Optional support depends on band combination and captured in TS 38.101-1 [2].
	BC
	CY
	N/A
	N/A

	simultaneousRxTxInterBandENDC
Indicates whether the UE supports simultaneous transmission and reception in TDD-TDD and TDD-FDD inter-band (NG)EN-DC/NE-DC. It is mandatory for certain TDD-FDD and TDD-TDD band combinations defined in TS 38.101-3 [4].
	BC
	CY
	N/A
	N/A



It can be seen that these capabilities are referred to the each band combinations defined in RAN4 spec. However, in current RAN4 spec, some of the band combinations are marked as mandatory supported simultaneous Rx/Tx, while unknown simultaneous Rx/Tx capability for the others.
It should be noted that simultaneous Rx/Tx capability information are not included in each corresponding basket WID when proponents request their band combination. This is only discussed in the TP, but unfortunately such capability is still forgot very often.
Since the WID includes different types band combination, therefore we separate the discussion in the following sections.
2.1		inter-band NR CA v.s. inter-band NR DC
In light of the TS38.101-1, the band combination specific RF requirements for NR DC are reused from the corresponding NR CA, which means the NR DC band combination work cannot be started without the corresponding NR CA. The introduction of NR DC band combination into the spec is very simple, just add the configuration and the maximum output power, i.e. no spurious emission, no  delta T/R and no MSD are required for NR DC since they are reused from the corresponding NR CA.
Therefore, we think NR DC and the corresponding NR CA share the same simultaneous Rx/Tx capability. Otherwise, there may exist some problems. For example, for TDD-TDD NR CA_nX-nY and DC_nX-nY, if simultaneous Rx/Tx capability is supported for CA_nX-nY, while non-simultaneous Rx/Tx capability is supported for DC_nX-nY. Then for CA_nX-nY, there may exist MSD issues(such as cross band isolation MSD) due to simultaneous Rx/Tx capability, but there are no MSD issues for DC_nX-nY since non-simultaneous Rx/Tx capability is supported. In this case, the NR CA band combination specific RF requirements cannot be reused for NR DC band combination.
Proposal 1: Same simultaneous Rx/Tx capability for NR DC band combination and the corresponding inter-band NR CA band combination.

2.2		inter-band NR CA v.s. inter-band ENDC
Actually, when companies provide the TP for inter-band NR CA combination, usually refer to the requirements of the corresponding inter-band ENDC combination. It may be easily understanding that the same RF architecture are usually applied for inter-band NR CA and the corresponding inter-band ENDC combination.
Proposal 2: Same simultaneous Rx/Tx capability for inter-band NR CA band combination and the corresponding inter-band ENDC band combination.

2.3 	FDD+TDD NR CA band combination
Unlike LTE CA, simultaneous Rx/Tx capability is also applied for NR FDD+TDD NR CA band combination, including both FR1+FR1 and FR1+FR2.
FR1+FR1 FDD+TDD
For FR1+FR1 FDD+TDD band combination, the co-existence study in TP are always needed to verify whether the harmonic/intermodulation product will fall into the own Rx band. Usually, this ‘own Rx band’ usually means FDD band. For harmonic product, usually it is for n*FDD UL=TDD DL, MSD values are defined, and for intermodulation product, if the IMD caused by the two simultaneous ULs falls into FDD Rx band, then MSD should be defined. When introduction of this FDD-TDD band combination, RF requirements including MSD are included. This approach is consistency with simultaneous Rx/Tx capability.
Observation: MSD requirements caused by the possible harmonic/intermodulation are defined for FDD-TDD NR CA band combination, which is consistency with simultaneous Rx/Tx capability.
However, there are only few of  FDD+TDD CA band combination in table 5.2A.2.1-1 (highlighted in green) are explicitly marked to support mandatory simultaneous Rx/Tx capability. For the other band combination (highlighted in yellow), no such explicitly note although the MSD caused by IMD are specified for these band combinations, such as CA_n25-n78.
Table 5.2A.2.1-1: Inter-band CA operating bands involving FR1 (two bands)
	NR CA Band
	NR Band
(Table 5.2-1)
	DL interruption allowed (Note 8)

	CA_n1-n3
	n1, n3
	

	CA_n1-n7
	n1, n7
	

	CA_n1-n8
	n1, n8
	

	CA_n1-n28
	n1, n28
	

	CA_n1-n40
	n1, n40
	

	CA_n1-n41
	n1, n41
	

	CA_n1-n77
	n1, n77
	No

	CA_n1-n78
	n1, n78
	No

	CA_n1-n79
	n1, n79
	No

	CA_n2-n5
	n2, n5
	

	CA_n2-n48
	n2, n48
	

	CA_n2-n66
	n2, n66
	

	CA_n2-n77
	n2, n77
	

	CA_n2-n78
	n2, n78
	

	CA_n3-n7
	n3, n7
	

	CA_n3-n8
	n3, n8
	

	CA_n3-n28
	n3, n28
	

	CA_n3-n38
	n3, n38
	

	CA_n3-n40
	n3, n40
	

	CA_n3-n41
	n3, n41
	No

	CA_n3-n771
	n3, n77
	No

	CA_n3-n781
	n3, n78
	No

	CA_n3-n791
	n3, n79
	No

	CA_n5-n7
	n5, n7
	

	CA_n5-n66
	n5, n66
	

	CA_n5-n77
	n5, n77
	

	CA_n5-n78
	n5, n78
	No

	CA_n5-n79
	n5, n79
	No

	CA_n7-n25
	n7, n25
	

	CA_n7-n28
	n7, n28
	

	CA_n7-n66
	n7, n66
	

	CA_n7-n78
	n7, n78
	

	CA_n8-n391
	n8, n39
	

	CA_n8-n40
	n8, n40
	

	CA_n8-n41
	n8, n41
	No

	CA_n8-n751
	n8, n75
	

	CA n8-n781
	n8, n78
	No

	CA_n8-n791
	n8, n79
	No

	CA_n20-n282
	n20, n28
	

	CA_n20-n75
	n20, n75
	

	CA_n20-n78
	n20, n78
	

	CA_n25-n41
	n25, n41
	

	CA_n25-n466
	n25, n46
	

	CA_n25-n66
	n25, n66
	

	CA_n25-n71
	n25, n71
	

	CA_n25-n78
	n25,n78
	

	CA_n28-n40
	n28, n40
	

	CA_n28-n41
	n28, n41
	

	CA_n28-n50
	n28, n50
	

	CA_n28-n752
	n28, n75
	

	CA_n28-n77
	n28, n77
	No

	CA_n28-n781
	n28, n78
	No

	CA_n29-n66
	n29, n66
	

	CA_n29-n70
	n29, n70
	

	CA_n38-n66
	n38, n66
	

	CA_n38-n781
	n38, n78
	

	CA_n39-n40
	n39, n40
	

	CA_n39-n41
	n39, n41
	No

	CA_n39-n791
	n39, n79
	No

	CA_n40-n41
	n40, n41
	

	CA_n40-n78
	n40, n78
	

	CA_n40-n791,4
	n40, n79
	No

	CA_n41-n501
	n41, n50
	

	CA_n41-n66
	n41, n66
	

	CA_n41-n711
	n41, n71
	

	CA_n41-n78
	n41, n78
	

	CA_n41-n791,3
	n41, n79
	No

	CA_n46-n486
	n46, n48
	

	CA_n46-n666
	n46, n66
	

	CA_n48-n66
	n48, n66
	

	CA_n50-n78
	n50, n78
	

	CA_n66-n70
	n66, n70
	

	CA_n66-n71
	n66, n71
	

	CA_n66-n77
	n66, n77
	

	CA_n66-n78
	n66, n78
	

	CA_n70-n71
	n70, n71
	

	CA_n75-n781
	n75, n78
	

	CA_n76-n781
	n76, n78
	

	CA_n77-n797
	n77, n79
	

	CA_n78-n795
	n78, n79
	

	CA_n78-n92
	n78, n92
	

	NOTE 1:	Applicable for UE supporting inter-band carrier aggregation with mandatory simultaneous Rx/Tx capability.
NOTE 2:	The frequency range in band n28 is restricted for this band combination to 703-733 MHz for the UL and 758-788 MHz for the DL.
NOTE 3:	The frequency range below 2506 MHz for Band n41 is not used in this combination.
NOTE 4:	Applicable for frequency range above 4800 MHz for Band n79 in this combination.
NOTE 5:	For UEs supporting band n77, the minimum requirements apply only when there is non-simultaneous Rx/Tx operation between n78-n79 NR carriers. This restriction applies also for these carriers when applicable NR CA configuration is part of a higher order configuration.
NOTE 6:	The PCell is allocated in the licensed band in this combination.
NOTE 7:	The minimum requirements apply only when there is non-simultaneous Rx/Tx operation between n77-n79 NR carriers. This restriction applies also for these carriers when applicable NR CA configuration is part of a higher order configuration.
NOTE 8:	Applicable when dynamic switching between two uplink carriers is conducted. The DL interruption requirement is specified in clause 8.2.2.2.10 of 38.133 [13].



There are lots of FDD-TDD CA band combination defined in the specification, so it may not easy maintain all these FDD-TDD CA band combination case by case. Considering UL and DL of FDD band work at the same time, and the co-existence study are always done associated with the RF requirement for FDD-TDD CA band combination in the past, it is proposed that mandatory simultaneous Rx/Tx capability should be supported for all of the FDD-TDD CA band combination.
Proposal 3. Mandatory simultaneous Rx/Tx capability should be supported for all of the FR1+FR1 FDD-TDD CA band combination.
FR1+FR2 FDD+TDD
Comparing with FR1+FR1 FDD-TDD CA band combination, RF requirement for FR1+FR2 FDD+TDD band combination are quite simple, since there are no harmonic/intermodulation issues considering the large frequency range for FR1 band and FR2 band.
However, when we look at the table 5.2A.1-1, almost all of the band combinations support mandatory simultaneous Rx/Tx capability. For the exception ones of CA_n8-n258, CA_n66-n260/n261, unknown reasons but it seems it is typo.
Table 5.2A.1-1: Band combinations for inter-band CA between FR1 and FR2 (two bands)
	NR CA Band
	NR Band

	CA_n1-n2571
	n1, n257

	CA_n3-n2571
	n3, n257

	CA_n5-n2601
	n5, n260

	CA_n5-n2611
	n5, n261

	CA_n8-n258
	n8, n258

	CA_n25-n2601
	n25, n260

	CA_n25-n2611
	[bookmark: OLE_LINK10]n25, n261

	CA_n28-n2571
	n28, n257

	CA_n41-n2601
	n41, n260

	CA_n41-n2611
	n41, n261

	CA_n66-n260
	n66, n260

	CA_n66-n261
	n66, n261

	CA_n71-n2571
	n71, n257

	CA_n71-n2601
	n71, n260

	CA_n71-n2611
	n71, n261

	CA_n77-n2571
	n77, n257

	CA_n77-n2581
	n77, n258

	CA_n77-n2611
	n77, n261

	CA_n78-n2571
	n78, n257

	CA_n78-n2581
	n78, n258

	CA_n79-n2571
	n79, n257

	CA_n79-n2581
	n79, n258

	NOTE 1:	Applicable for UE supporting inter-band carrier aggregation with mandatory simultaneous Rx/Tx capability.


It is proposed that mandatory simultaneous Rx/Tx capability should be supported for all of the FDD-TDD CA band combination. In this way, it is no need to mark the note 1 case by case.
Proposal 4. Mandatory simultaneous Rx/Tx capability should be supported for all of the FR1+FR2 FDD-TDD CA band combination.
2.4 	TDD+TDD NR CA band combination
We think it is more meaningful to discuss simultaneous Rx/Tx capability for TDD-TDD NR CA band combination since the UL and DL of TDD band doesn’t work at the same time. 
FR1+FR1 TDD+TDD
It is no doubt that simultaneous Rx/Tx capability should be discussed case by case for TDD-TDD due to different RF architectures may be used, and also different RF requirements are applied. 
Different with FDD-TDD, the MSD caused by cross band isolation may need to be defined for a TDD-TDD combination supporting simultaneous Rx/Tx capability. For those TDD-TDD band combination not support simultaneous Rx/Tx capability, no MSD studies are needed. It should be noted there are no MSD caused by intermodulation for TDD-TDD band combination. Therefore, it should be discussed case by case for TDD-TDD band combination. 
For those TDD-TDD band combination which are not marked to support mandatory simultaneous Rx/Tx capability, it should be interpreted as supporting non-simultaneous Rx/Tx capability. 
However, it seems there are no discussion how to judge whether or not simultaneous Rx/Tx capability is supported for a certain TDD-TDD band combination, instead just based on the operator’s feedback.
Proposal 5. Simultaneous Rx/Tx capability should be discussed case by case for the FR1+FR1 TDD-TDD CA band combination. 
FR1+FR2 TDD+TDD
Same situation as FR1+FR2 FDD+TDD for FR1+FR2 TDD+TDD band combination.
Proposal 6. Mandatory simultaneous Rx/Tx capability should be supported for all of the FR1+FR2 TDD-TDD CA band combination.
FR2+FR2 TDD+TDD
The discussion for FR2+FR2 TDD+TDD band combination are quite different with FR1+FR1, and only n260+n261 inter-band DL CA have been completed, and the RF requirements of reference sensitivity relaxation (ΔRIB,P,n) and EIS Spherical coverage relaxation (ΔRIB,S,n) are defined based on IBM capability. Seems there are no discussions on simultaneous Rx/Tx capability.
Proposal 7.  FFS on simultaneous Rx/Tx capability for FR2+FR2 TDD-TDD CA band combination. 
2.5 	SUL band combination
Currently, SUL band carrier and Normal band carrier are TDM operation, and only two carriers totally in the UL. From band combination specific requirement perspective, the studies are quite similar with 1UL/2DL NR CA, where the possible harmonic analysis and possible cross band isolation issue are needed for SUL band (TDD) + Normal band (TDD). Therefore, we think similar proposals as above can be made for SUL:
Proposal 8. For SUL band combination, if SUL band is from FDD band, mandatory simultaneous Rx/Tx capability should be supported.  If SUL band is from TDD band,  simultaneous Rx/Tx capability should be discussed case by case.

3	Conclusion
In this contribution, we give some initial discussions on simultaneous Rx/Tx for the band combinations.
Proposal 1: Same simultaneous Rx/Tx capability for NR DC band combination and the corresponding inter-band NR CA band combination.
Proposal 2: Same simultaneous Rx/Tx capability for inter-band NR CA band combination and the corresponding inter-band ENDC band combination.
FDD+TDD NR CA:
Proposal 3. Mandatory simultaneous Rx/Tx capability should be supported for all of the FR1+FR1 FDD-TDD CA band combination.
Proposal 4. Mandatory simultaneous Rx/Tx capability should be supported for all of the FR1+FR2 FDD-TDD CA band combination.
TDD+TDD NR CA:
Proposal 5. Simultaneous Rx/Tx capability should be discussed case by case for the FR1+FR1 TDD-TDD CA band combination. 
Proposal 6. Mandatory simultaneous Rx/Tx capability should be supported for all of the FR1+FR2 TDD-TDD CA band combination.
Proposal 7. FFS on simultaneous Rx/Tx capability for FR2+FR2 TDD-TDD CA band combination. 
SUL:
Proposal 8. For SUL band combination, if SUL band is from FDD band, mandatory simultaneous Rx/Tx capability should be supported.  If SUL band is from TDD band,  simultaneous Rx/Tx capability should be discussed case by case.
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