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Introduction
In RAN#88e meeting, a new WI [1] was approved that Band combinations for Uu and V2X con-current operation will be introduced in Rel-17. The main scenarios with max two simultaneous transmission bands within FR1 are listed below.
· Concurrent operation between NR Uu band and NR PC5 band.
· Concurrent operation between LTE Uu band and NR PC5 band.
· Concurrent operation between NR Uu band and LTE PC5 band.
In this paper, we’d like to generally discuss this topic.
Discussion
Band combinations with band n47/47
It can be foreseen that the ITS frequency band is very important when deriving the RF requirements for band combinations with Uu and V2X con-current operation. Thus, it’s necessary to consider the band n47/47 filter performance. Based on the investigation, the the band n47/47 filter performance are shown below.
Table 2.1-1 Filter performance for band n47/47
	Filter
	IL [dB]
	Min Attenuation [dB] @

	
	Nominal
	Worst Case
	693-2690
MHz
	3300-4200
MHz
	4400-5000
MHz

	n47/47 (5850-5925 MHz)
	1.2
	1.5
	> 37
	> 32
	> 30



When RAN4 specify the REFSENS requirements for specific band combinations, these parameters can be considered as a reference.
[bookmark: OLE_LINK75][bookmark: OLE_LINK90]Referring to TR 36.787 [2], a separated antenna architecture as example are shown in Figure 2.1-1. Generally, RF model of band n47/47 is independent of Uu RF model. At least, 10 dB antenna isolation can be achieved for separated antenna architecture. However, as it goes on, higher frequency band may be used in licensed band. Thus, it can’t be excluded that a shared antenna architecture between licensed band and ITS band is implemented in one RF model as shown in Figure 2.1-2. ΔTIB,c and ΔRIB,c for band n47/47 need to be further evaluated. At least, we can reuse the value of band n79 (ΔTIB,c = 0.8, ΔRIB,c = 0.5)
Proposal 1: Filter performance for band n47/47 in Table 2.1-1 can be used to evaluate the MSD exception for V2X band combinations.
Proposal 2: RAN4 need to evaluate ΔTIB,c and ΔRIB,c for band n47/47 and UE architecture.
[image: ]
Figure 2.1-1: Example RF architecture for V2X_20A-47A con-current operation with harmonic trap filter
[image: V2X architecture]
Figure 2.1-2: Example RF architecture with shared antenna with licensed band

Referring to TR 36.787 [2], the harmonics/IMD impact between licensed band and ITS frequency band are shown below.
Table 2.1-2: Harmonics /IMDs impacts on own Rx bands
	Licensed Band
	B47 Range (MHz)
	Comments for harmonics/IMD problems

	
	5855 – 5925
	

	E-UTRA band
	UL Range (MHz)
	Harm. Order
	Harmonic Range (MHz)
	

	B3
	1710 – 1785
	3x
	5130 – 5355
	No Harmonics/IMDs 

	B7
	2500 - 2570
	2x
	5000 - 5140
	No Harmonics/IMDs

	B8
	880 -915
	6x
	5280 – 5490
	No Harmonics/IMDs 

	B39
	1880 - 1920
	3x
	5640 – 5760
	No Harmonics/IMDs

	B41
	2496 - 2690
	2x
	4992 – 5380
	No Harmonics/IMDs

	B1
	1920 - 1980
	3x
	5760 – 5940
	1) Harmonic into B47
2) 5th IMD into B47

	B5
	824 - 849
	7x
	5768 – 5943
	1) Harmonic into B47, No IMD problems

	B19
	830 - 845
	7x
	5810 – 5915
	1) Harmonic into B47
No IMD problems

	B20
	832 - 862
	7x
	5824 – 6034
	1) Harmonic into B47, No IMD problems

	B21
	1448 - 1463
	4x
	5792 – 5852
	1) Side-lobe into B47
2) 4th IMD into B21

	B26
	814 - 849
	7x
	5698 – 5943
	1) Harmonic into B47
No IMD problems

	B28
	703 - 748
	8x
	5624 – 5984
	1) Harmonic into B47
No IMD problems

	B31
	452.5 – 457.5
	13x
	5882.5 – 5947.5
	1) Harmonic into B47 but 13th harmonic impact can ignore.
No IMD problems

	B34
	2010 - 2025
	3x
	6030 - 6075
	No Harmonics/IMDs

	B65
	1920 - 2010
	3x
	5760 – 6030
	1) Harmonic into B47
2) 5th IMD into B47 and B65

	B71
	663 - 698
	8x
	5304 - 5584
	No Harmonics/IMDs

	The other Licensed bands
	-
	Xx
	-
	No Harmonic impact. But need to IMD analysis into Band 47 and own licensed operating bands



Based on the analysis Table 5.1-1, we summary the coexistence problem to own V2X Rx bands as below
-	Issue 1: Harmonics problem into Band 47
-	Issue 2: IMD problem into Band 47  Not occurred issues
-	Issue 3: IMD problem into licensed band (Band 21, Band 65)
For issue 2, there is no need to consider IMD problem which may fall into band 47 Rx band due to the half-duplex mode. For the harmonics problem, a summary which capture all the possible licensed NR band are shown in Table 2.1-3. A few bands may have a harmonic issues or harmonic mixing issues. IMD problem which may fall into licensed band can be solved one by one.
Table 2.1-3: NR Bands with harmonic interference or affected by harmonic mixing
	harmonic interference
	5855
	5925
	Bands with harmonic interference
	Bands affected by harmonic mixing

	2nd harmonic
	2927.5
	2962.5
	No licensed band
	No licensed band

	3rd harmonic
	1951.667
	1975
	n1 n65
	n2 n25

	4th harmonic
	1463.75
	1481.25
	n50 n74
	n50 n74

	5th harmonic
	1171
	1185
	No licensed band
	No licensed band

	6th harmonic
	975.8333
	987.5
	No licensed band
	No licensed band

	7th harmonic
	836.4286
	846.4286
	n5 n20 n26
	No licensed band


Besides, cross band isolation problem between C-bands and ITS band may need to be further studied.
Observation 1: There is no need to consider IMD problem which may fall into band 47 Rx band due to the half-duplex mode.
Observation 2: Harmonic interference, harmonic mixing or IMD problem which may fall into licensed band can be solved one by one.
Observation 3: Cross band isolation problem between C-bands and ITS band may need to be further studied.
Band combinations with licensed band used for NR V2X
Firstly, RAN4 need to study whether the original RF chain or antenna of NR Uu licensed band can be reused for NR V2X. If the original RF chain of NR Uu licensed band can be reused, the corresponding ΔTIB,c and ΔRIB,c need to be specified. We can analysis REFSENS requirements or exception based on shared RF chain or antenna architecture. Or a separated antenna architecture should be considered.
For some cases, we may multiplex the Uu’s requirements or exception in the condition that the RF requirements are same between Uu and PC5 for the same licensed band. Or we need to identify the difference between Uu and PC5 for the same licensed band, such as bandwidth, spurious emission for UE co-existence and REFSENS.
Observation 4: When we specify the band combinations with licensed band used for NR V2X, we can study the UE RF architecture firstly. And we can only multiplex the Uu’s requirements or exception in the condition that the RF requirements are same between Uu and PC5 for the same licensed band.
The affected clauses for NR V2X band combinations with con-current operation
[bookmark: OLE_LINK82][bookmark: OLE_LINK83]For the concurrent operation between NR Uu band and NR PC5 band, the affected clauses in the TS 38.101-1 are listed below.
[bookmark: OLE_LINK84][bookmark: OLE_LINK85]Table 2.3-1: The affected clauses in TS 38.101-1
	5.2E.2
	V2X operating bands for concurrent operation
	Operating bands

	5.3E.2
	Channel bandwidth for V2X concurrent operation
	Bandwidth combination set

	6.2E.4.2
	Configured transmitted power for V2X con-current operation
	ΔTIB,c

	6.5E.3.3
	Spurious emissions for UE co-existence for V2X con-current operation
	Spurious emissions table

	7.3E.3
	Reference sensitivity power level for V2X con-current operation
	REFSENS, MSD exception and ΔRIB,c



For the concurrent operation between LTE Uu band and NR PC5 band / NR Uu band and LTE PC5 band, the affected clauses in the TS 38.101-3 are listed below.
Table 2.3-2: The affected clauses in TS 38.101-3
	5.2C.2
	Inter-band V2X bands
	Operating bands

	5.5E.4.1
	Inter-band V2X configurations within FR1 (two bands)
	Configurations

	6.2C.4.2
	UE configured output power for Inter-band V2X
	ΔTIB,c

	6.5C.3.2.2
	Spurious emission band UE co-existence
	Spurious emissions table

	7.3C.2.3
	[bookmark: OLE_LINK14]Inter-band V2X con-current operation
	REFSENS, MSD exception and ΔRIB,c



Summary
Based on the discussion, all the proposals are listed below:
Proposal 1: Filter performance for band n47/47 in Table 2.1-1 can be used to evaluate the MSD exception for V2X band combinations.
Proposal 2: RAN4 need to evaluate ΔTIB,c and ΔRIB,c for band n47/47 and UE architecture.

Observation 1: There is no need to consider IMD problem which may fall into band 47 Rx band due to the half-duplex mode.
Observation 2: Harmonic interference, harmonic mixing or IMD problem which may fall into licensed band can be solved one by one.
Observation 3: Cross band isolation problem between C-bands and ITS band may need to be further studied.
Observation 4: When we specify the band combinations with licensed band used for NR V2X, we can study the UE RF architecture firstly. And we can only multiplex the Uu’s requirements or exception in the condition that the RF requirements are same between Uu and PC5 for the same licensed band.
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