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1 Introduction
[bookmark: OLE_LINK6]Currently some bands have already supported 4Rx implementation from Rel-15, with the consideration of different sizes for different form factors. For some high frequency bands such as band n41, band n77/n78/n79, 4Rx shall be the baseline for these operating bands except for two Rx vehicular UE due to small antenna size for high frequency. For some medium frequency bands such as band n1, although 4Rx is supported, it is optional and it could be used for smart phone. However, for almost all of the FDD frequency bands, such as band n28, although 4Rx is supported, it is optional and targeted for FWA form factor due to the large antenna size. The exception is band n7 where 4Rx is baseline.
Meanwhile, there were lots of inter-band NR CA introduced from Rel-15, MSD requirements caused by IMD are defined for some band combinations who consist of the band(s) supporting 4Rx. However, it seems the 4Rx REFSEN for the applicable single band were not considered for some band combination when the related MSD requirements were defined.
[bookmark: OLE_LINK18]In this contribution, we give some discussions on this issue and provide some solutions on how to solve this problem. 
2	Discussion
[bookmark: OLE_LINK31][bookmark: OLE_LINK23][bookmark: OLE_LINK66]4Rx for LTE inter-band CA
Actually, for inter-band NR CA/EDNC in Rel-15, it largely depends on LTE CA. For supporting 4Rx, there was a dedicated LTE 4Rx WID, where how to introduce 4Rx requirements for CA was discussed and approved in the [1], where：
	If a band is introduced to support 4Rx antenna ports in 4Rx band WI, all of the existing carrier aggregations involving that band in the latest spec will automatically support 4Rx for that band in spec, which will be handled in 4Rx big CR. 
-For example, if Band x is proposed to support 4Rx and xA-yA is already in spec, then Band x 4Rx requirements for single carrier and xA-yA will be introduced in 4Rx band big CR.


Consequently, a general clarification approach was used and no need to list all of the impacted carrier aggregations. For example, there is a common sentence to describe the 4Rx situation for CA in TS36.101.
	[bookmark: _Toc368026363]7.3.1A	Minimum requirements (QPSK) for CA
<...>
[bookmark: OLE_LINK15]For the bands supporting 4 antenna ports which are in Table 7.3.1-1a, the minimum requirements for reference sensitivity in the reference sensitivity exception tables shall be modified by the amount given in ΔRIB,4R in Table 7.3.1-1a for the applicable E-UTRA bands unless otherwise specified.


And there is a NOTE 6 for intermodulation to describe the 4Rx situation for CA, instead list all of the impacted band combination.
	[bookmark: OLE_LINK38][bookmark: OLE_LINK30]NOTE 6:	For operations with 4 antenna ports, the MSD in the applicable bands shall be modified by the absolute value of ΔRIB,4R in Table 7.3.1-1a when MSD > 0.


[bookmark: OLE_LINK34][bookmark: OLE_LINK27]Observation 1: For the 4Rx IMD MSD in the applicable bands for LTE inter-band CA, a general clarification and a NOTE were used, rather than list of the impacted carrier aggregations.

4Rx for NR inter-band CA
[bookmark: OLE_LINK7]In current TS38.101-1 spec, there were already some bands supporting 4Rx from Rel-15. We summarize the applicable bands supporting 4Rx in table 1.
 Table 1.  the applicable bands supporting 4Rx in Rel-15/16/17 TS38.101-1.
	Rel-15
	Rel-16
	Rel-17

	
	n281, n711
	n81, n281, n711

	n1, n2, n3, n40, n7, n34, n38, n39, n41, n66, n70
	n1, n2, n3, n30, n40, n7, n34, n38, n39, n41, n66, n70
	n1, n2, n3, n30, n40, n7, n34, n38, n39, n41, n66, n70

	n77, n78, n79
	n48, n77, n78, n79
	n48, n77, n78, n79

	NOTE 1: 4 Rx operation is targeted for FWA form factor


It shall be noted that for band n7/n41/n77/n78/n79, 4Rx shall be the baseline for these operating bands except for two Rx vehicular UE. While for the other applicable bands, supporting 4Rx is optional.
In addition, there is some descriptions about the under clause 7.2:  
	[bookmark: OLE_LINK10][bookmark: OLE_LINK13]The UE is required to be equipped with a minimum of two Rx antenna ports in all operating bands except for the bands n7, n38, n41, n48, n77, n78, n79 where the UE is required to be equipped with a minimum of four Rx antenna ports. This requirement applies when the band is used as a standalone band or as part of a band combination.
For the single carrier REFSENS requirements in Clause 7, the UE shall be verified with two Rx antenna ports in all 
supported frequency bands, additional requirements for four Rx ports shall be verified in operating bands where the UE 
is equipped with four Rx antenna ports. 
For Rx requirements other than single carrier REFSENS in Clause 7, the UE shall be verified with four Rx antenna 
ports and skip two Rx antenna ports requirements in operating bands where the UE is equipped with four Rx antenna 
ports, otherwise, the UE shall be verified with two Rx antenna ports. 


It can be seen that minimum of four Rx antenna ports for a certain band is applied to not only single band operation, but also band combination operation.
[bookmark: OLE_LINK9][bookmark: OLE_LINK32]Observation 2: There were several bands supporting 4Rx as optional or mandatory from Rel-15, and the receiver requirement applies when the band is used as a standalone band or as part of a band combination. 
Next, let’s look at the inter-band UL CA. Although it said ‘reference sensitivity exceptions’ which is the same LTE, unlike LTE inter-band UL CA, MSD requirements were defined and there were some types of the MSD. To make contribution simple and short, we only take the MSD for someinter-band NR CA band combination for examples. 
[bookmark: OLE_LINK21]IMD MSD for inter-band NR CA:
Let’s take the following combination as examples.
[bookmark: OLE_LINK8]For PC3 2UL/2DL inter-band NR CA:
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

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

	[bookmark: OLE_LINK12]CA_n1-n3
	n1
	1950
	5
	25
	2140
	23
	FDD
	IMD3

	
	n3
	1760
	5
	25
	1855
	N/A
	TDD
	N/A

	CA_n1-n78
	n1
	1950
	5
	25
	2140
	8.0
	FDD
	IMD4

	
	
	
	
	
	
	10.75
	
	

	
	n78
	3710
	10
	50
	3710
	N/A
	TDD
	N/A

	CA_n8-n78
	n8
	897.5
	5
	25
	942.5
	8.3
	FDD
	IMD4

	
	n78
	3635
	10
	50
	3635
	N/A
	TDD
	N/A

	NOTE 1:	Both of the transmitters shall be set min(+20 dBm, PCMAX_L,f,c) as defined in clause 6.2A.4
NOTE 2:	RBSTART = 0, 15 kHz 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).
NOTE 4:	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.
NOTE 6:	For a UE which supports this band combination only when the Band n77 frequency range restriction defined in NOTE 12 of Table 5.2-1 applies, the MSD test point(s) cannot be verified for the band combination and the test point(s) can be skipped.



For PC2 2UL/2DL inter-band NR CA:
	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_n1-n78
	n1
	1950
	5
	25
	2140
	[17.8]
	FDD
	IMD4

	
	n78
	3710
	10
	50
	3710
	N/A
	TDD
	N/A



We can see from the table:
[bookmark: OLE_LINK17]1. For PC3, there are two MSD values corresponding to2Rx and 4Rx are defined for CA_n1-n78 since band n78 supports 4Rx, while for the same PC2 band combination, only one MSD value was defined.
[bookmark: OLE_LINK11]2. For PC3, only one MSD value was defined for the other band combination, such as CA_n8-n78.
3. For PC3, for the same band for example band n1 in different band combinations of CA_n1-n78 and CA_n1-n3, due to n1 optional supports 4Rx, if n1 in CA_n1-n3 also supports 4Rx, then the MSD related to 4Rx should be defined.
For band n8, 4Rx is also optional supported in Rel-17 but release independent from Rel-15 in term of the WID [4], however when band n8 support 4Rx was introduced in Rel-17 TS38.101-1, only single band requirements, i.e. ΔRIB,4R are discussed, no CA related work for the band combination incorporated. Therefore in our understanding, it is similar situation for both CA_n1-n78 and CA_n8-n78, which means 4Rx MSD should also be defined for CA_n8-n78.
Similar situation as 2UL/2DL in 2UL/3DL IMD MSD table.
[bookmark: OLE_LINK24][bookmark: OLE_LINK28]Observation 3: For the constitute band support 4Rx as optional, the IMD MSD for this constitute band to support 4Rx operation should be defined.
Observation 4: For IMD issue, in-consistency 4Rx requirements for the MSD requirement for some band combination in 2UL/2DL and 2UL/3DL IMD MSD tables. 
[bookmark: OLE_LINK35]Moreover, when a WID of band n8 to support 4Rx were approved in [5][6], there are no discussion on how to introduce 4Rx requirements for NR CA. When proponents introduced their own band combinations, some of them defined MSD related to both 2Rx and 4Rx, but some of them only defined 2Rx MSD as discussed above.
[bookmark: OLE_LINK16][bookmark: OLE_LINK22]In our understanding, the LTE CA approaches in TS36.101 can be reused for NR CA, which is there is no need to list all of the impacted band combination, instead a new NOTE is added in addition to a general clarification texts. The 4Rx sensitivity table have already been incorporated in the general clarification texts, to the only left is the new NOTE. 
[bookmark: OLE_LINK40][bookmark: OLE_LINK29]Therefore, it is proposed to add a new NOTE in inter-band CA IMD MSD tables in Rel-15/16/17 TS38.101-1 specs.
[bookmark: OLE_LINK19][bookmark: OLE_LINK25]Proposal 1: To add a new NOTE in inter-band CA IMD MSD tables in Rel-15/16/17 TS38.101-1 specs:
[bookmark: OLE_LINK14]NOTE x:  For operations with 4 Rx antenna ports, the MSD in the applicable bands shall be modified by the absolute value of ΔRIB,4R in Table 7.3.2-2 when MSD > 0, except the band that 4 Rx antenna ports support is set as the baseline in section 7.3.2.
[bookmark: OLE_LINK20][bookmark: OLE_LINK5][bookmark: OLE_LINK26]Based on the above proposal, the companion CRs can be found in [6~8] for TS38.101-1.
3 Conclusion
In this contribution, we discuss the issues related to 4Rx requirement for NR CA. The conclusion are:
Observation 1: For the 4Rx IMD MSD in the applicable bands for LTE inter-band CA, a general clarification and a NOTE were used, rather than list of the impacted carrier aggregations.
Observation 2: There were several bands supporting 4Rx as optional or mandatory from Rel-15, and the receiver requirement applies when the band is used as a standalone band or as part of a band combination.
Observation 3: For the constitute band support 4Rx as optional, the IMD MSD for this constitute band to support 4Rx operation should be defined.
Observation 4: For IMD issue, in-consistency 4Rx requirements for the MSD requirement for some band combination in 2UL/2DL and 2UL/3DL IMD MSD tables. 
Proposal 1: To add a new NOTE in inter-band CA IMD MSD tables in Rel-15/16/17 TS38.101-1 specs:
NOTE x:  For operations with 4 Rx antenna ports, the MSD in the applicable bands shall be modified by the absolute value of ΔRIB,4R in Table 7.3.2-2 when MSD > 0, except the band that 4 Rx antenna ports support is set as the baseline in Table 7.3.2-1a and Table 7.3.2-1b.
Based on the above proposal, the companion CRs can be found in [6~8] for TS38.101-1 
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