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<Start of Change 1>
[bookmark: _Toc75165488][bookmark: _Toc75334412][bookmark: _Toc75508606][bookmark: _Toc75816345][bookmark: _Toc76541503][bookmark: _Toc76542070][bookmark: _Toc82429960][bookmark: _Toc89940211][bookmark: _Toc98754537][bookmark: _Toc106178351][bookmark: _Toc114149069][bookmark: _Toc124151314][bookmark: _Toc130393854][bookmark: _Toc137562241][bookmark: _Toc138871383][bookmark: _Toc145534833][bookmark: _Toc155287606]Annex I (normative): 
Propagation conditions
[bookmark: _Toc75165489][bookmark: _Toc75334413][bookmark: _Toc75508607][bookmark: _Toc75816346][bookmark: _Toc76541504][bookmark: _Toc76542071][bookmark: _Toc82429961][bookmark: _Toc89940212][bookmark: _Toc98754538][bookmark: _Toc106178352][bookmark: _Toc114149070][bookmark: _Toc124151315][bookmark: _Toc130393855][bookmark: _Toc137562242][bookmark: _Toc138871384][bookmark: _Toc145534834][bookmark: _Toc155287607]I.1	Static propagation condition
The propagation for the static performance measurement is an Additive White Gaussian Noise (AWGN) environment. No fading or multi-paths exist for this propagation model.
[bookmark: _Toc75165490][bookmark: _Toc75334414][bookmark: _Toc75508608][bookmark: _Toc75816347][bookmark: _Toc76541505][bookmark: _Toc76542072][bookmark: _Toc82429962][bookmark: _Toc89940213][bookmark: _Toc98754539][bookmark: _Toc106178353][bookmark: _Toc114149071][bookmark: _Toc124151316][bookmark: _Toc130393856][bookmark: _Toc137562243][bookmark: _Toc138871385][bookmark: _Toc145534835][bookmark: _Toc155287608]I.1.1	NCR-MT Receiver with 2 Rx
For 1 port transmission the channel matrix is defined in the frequency domain by:
[image: ].
For 2 port transmission the channel matrix is defined in the frequency domain by:
[image: ].
For 4 port transmission the channel matrix is defined in the frequency domain by:
[image: ]
For 8 port transmission the channel matrix is defined in the frequency domain by:
[image: ]
[bookmark: _Toc21338430][bookmark: _Toc29808538][bookmark: _Toc37068457][bookmark: _Toc37084002][bookmark: _Toc37084344][bookmark: _Toc40209706][bookmark: _Toc40210048][bookmark: _Toc45893007][bookmark: _Toc53176872][bookmark: _Toc61121200][bookmark: _Toc67918396][bookmark: _Toc76298471][bookmark: _Toc76572483][bookmark: _Toc76652350][bookmark: _Toc76653194][bookmark: _Toc83742467][bookmark: _Toc91440957][bookmark: _Toc98849747][bookmark: _Toc106543601][bookmark: _Toc106737699][bookmark: _Toc107233466][bookmark: _Toc107235084][bookmark: _Toc107420054][bookmark: _Toc107477352][bookmark: _Toc114566213][bookmark: _Toc123936525][bookmark: _Toc124377542][bookmark: _Toc75165491][bookmark: _Toc75334415][bookmark: _Toc75508609][bookmark: _Toc75816348][bookmark: _Toc76541506][bookmark: _Toc76542073][bookmark: _Toc82429963][bookmark: _Toc89940214][bookmark: _Toc98754540][bookmark: _Toc106178354][bookmark: _Toc114149072][bookmark: _Toc124151317][bookmark: _Toc130393857][bookmark: _Toc137562244][bookmark: _Toc138871386][bookmark: _Toc145534836][bookmark: _Toc155287609]I.1.2	UENCR-MT Receiver with 4Rx
For 1 port transmission the channel matrix is defined in the frequency domain by

	.
For 2 port transmission the channel matrix is defined in the frequency domain by

	.
For 4 port transmission the channel matrix is defined in the frequency domain by

	.
For 8 port transmission the channel matrix is defined in the frequency domain by


<End of Change 1>
<Start of Change 2>
[bookmark: _Toc75165496][bookmark: _Toc75334420][bookmark: _Toc75508614][bookmark: _Toc75816353][bookmark: _Toc76541511][bookmark: _Toc76542078][bookmark: _Toc82429968][bookmark: _Toc89940219][bookmark: _Toc98754545][bookmark: _Toc106178359][bookmark: _Toc114149077][bookmark: _Toc124151322][bookmark: _Toc130393862][bookmark: _Toc137562249][bookmark: _Toc138871391][bookmark: _Toc145534841][bookmark: _Toc155287614]I.2.3	MIMO channel correlation matrices
The MIMO channel correlation matrices defined in I.2.3 apply for the antenna configuration using uniform linear arrays at both gNB and NCR-MT and for the antenna configuration using cross polarized antennas.
[bookmark: _Toc75165497][bookmark: _Toc75334421][bookmark: _Toc75508615][bookmark: _Toc75816354][bookmark: _Toc76541512][bookmark: _Toc76542079][bookmark: _Toc82429969][bookmark: _Toc89940220][bookmark: _Toc98754546][bookmark: _Toc106178360][bookmark: _Toc114149078][bookmark: _Toc124151323][bookmark: _Toc130393863][bookmark: _Toc137562250][bookmark: _Toc138871392][bookmark: _Toc145534842][bookmark: _Toc155287615]I.2.3.1	MIMO correlation matrices using Uniform Linear Array (ULA)
The MIMO channel correlation matrices defined in I.2.3.1 apply for the antenna configuration using uniform linear array (ULA) at both gNB and NCR-MT.
[bookmark: _Toc75165498][bookmark: _Toc75334422][bookmark: _Toc75508616][bookmark: _Toc75816355][bookmark: _Toc76541513][bookmark: _Toc76542080][bookmark: _Toc82429970][bookmark: _Toc89940221][bookmark: _Toc98754547][bookmark: _Toc106178361][bookmark: _Toc114149079][bookmark: _Toc124151324][bookmark: _Toc130393864][bookmark: _Toc137562251][bookmark: _Toc138871393][bookmark: _Toc145534843][bookmark: _Toc155287616]I.2.3.1.1	Definition of MIMO correlation matrices
Table I.2.3.1.1-1 defines the correlation matrix for the gNB.
Table I.2.3.1.1-1: gNB correlation matrix
	
	gNB correlation

	One antenna
	[image: ]

	Two antennas
	[image: ]

	Four antennas
	[image: ]

	Eight antennas
	




Table I.2.3.1.1-2 defines the correlation matrix for the NCR-MT:
Table I.2.3.1.1-2: NCR-MT correlation matrix
	
	One antenna
	Two antennas
	Four antennas

	NCR-MT correlation
	[image: ]
	[image: ]
	[image: ]



Table I.2.3.1.1-3 defines the channel spatial correlation matrix[image: ]. The parameters, α and β in table I.2.3.1.1-3 defines the spatial correlation between the antennas at the gNB and NCR-MT respectively.
Table I.2.3.1.1-3: [image: ]correlation matrices
	1x2 case
	[image: ]

	1x4 case
	[image: ]

	2x2 case
	[image: ]

	2x4 case
	[image: ]

	4x4 case
	[image: ]



For cases with more antennas at either gNB or NCR-MT or both, the channel spatial correlation matrix can still be expressed as the Kronecker product of [image: ] and [image: ]according to[image: ].
[bookmark: _Toc75165499][bookmark: _Toc75334423][bookmark: _Toc75508617][bookmark: _Toc75816356][bookmark: _Toc76541514][bookmark: _Toc76542081][bookmark: _Toc82429971][bookmark: _Toc89940222][bookmark: _Toc98754548][bookmark: _Toc106178362][bookmark: _Toc114149080][bookmark: _Toc124151325][bookmark: _Toc130393865][bookmark: _Toc137562252][bookmark: _Toc138871394][bookmark: _Toc145534844][bookmark: _Toc155287617]I.2.3.1.2	MIMO correlation matrices at high, medium and low level
The [image: ] and [image: ] for different correlation types are given in table I.2.3.1.2-1.
Table I.2.3.1.2-1: Correlation for high, medium and low level
	Low correlation
	Medium correlation
	High correlation

	
	
	
	
	
	

	0
	0
	0.9 
	0.3 
	0.9 
	0.9 



The correlation matrices for high, medium and low correlation are defined in tables I.2.3.1.2-2, I.2.3.1.2-3 and I.2.3.1.2-4 as below.
The values in table I.2.3.1.2-2 have been adjusted for the 2x4 and 4x4 high correlation cases to ensure the correlation matrix is positive semi-definite after round-off to 4 digit precision. This is done using the equation:
	[image: ]
Where the value "a" is a scaling factor such that the smallest value is used to obtain a positive semi-definite result. For the 2x4 high correlation case, a=0.00010. For the 4x4 high correlation case, a=0.00012.
The same method is used to adjust the 4x4 medium correlation matrix in table I.2.3.1.2-3 to ensure the correlation matrix is positive semi-definite after round-off to 4 digit precision with a =0.00012.
Table I.2.3.1.2-2: MIMO correlation matrices for high correlation
	1x2 case
	[image: ]

	2x2 case
	[image: ]

	2x4 case
	[image: ]

	4x4 case
	[image: ]



Table I.2.3.1.2-3: MIMO correlation matrices for medium correlation
	1x2 case
	N/A

	2x2 case
	[image: ]

	2x4 case
	[image: ]

	4x4 case
	[image: ]



Table I.2.3.1.2-4: MIMO correlation matrices for low correlation
	1x2 case
	[image: ]

	 1x4 case
	[image: ]

	1x8 case
	


	 2x2 case
	[image: ]

	 2x4 case
	[image: ]

	2x8 case
	


	 4x4 case
	[image: ]



In table I.2.3.1.2-4, [image: ] is a [image: ] identity matrix.
NOTE:	For completeness, the correlation matrices were defined for high, medium and low correlation but performance requirements exist only for low correlation.
<End of Change 2>
<Start of Change 3>
[bookmark: _Toc75165502][bookmark: _Toc75334426][bookmark: _Toc75508620][bookmark: _Toc75816359][bookmark: _Toc76541517][bookmark: _Toc76542084][bookmark: _Toc82429974][bookmark: _Toc89940225][bookmark: _Toc98754551][bookmark: _Toc106178365][bookmark: _Toc114149083][bookmark: _Toc124151328][bookmark: _Toc130393868][bookmark: _Toc137562255][bookmark: _Toc138871397][bookmark: _Toc145534847][bookmark: _Toc155287620]I.2.3.2.2	Spatial correlation matrices at NCR-MT and gNB sides
[bookmark: _Toc75165503][bookmark: _Toc75334427][bookmark: _Toc75508621][bookmark: _Toc75816360][bookmark: _Toc76541518][bookmark: _Toc76542085][bookmark: _Toc82429975][bookmark: _Toc89940226][bookmark: _Toc98754552][bookmark: _Toc106178366][bookmark: _Toc114149084][bookmark: _Toc124151329][bookmark: _Toc130393869][bookmark: _Toc137562256][bookmark: _Toc138871398][bookmark: _Toc145534848][bookmark: _Toc155287621]I.2.3.2.2.1	Spatial correlation matrices at NCR-MT side
For 1-antenna transmitter, [image: ].
For 2-antenna transmitterreceiver using one pair of cross-polarized antenna elements, [image: ].
For 4-antenna transmitter receiver using two pairs of cross-polarized antenna elements, [image: ].
[bookmark: _Toc75165504][bookmark: _Toc75334428][bookmark: _Toc75508622][bookmark: _Toc75816361][bookmark: _Toc76541519][bookmark: _Toc76542086][bookmark: _Toc82429976][bookmark: _Toc89940227][bookmark: _Toc98754553][bookmark: _Toc106178367][bookmark: _Toc114149085][bookmark: _Toc124151330][bookmark: _Toc130393870][bookmark: _Toc137562257][bookmark: _Toc138871399][bookmark: _Toc145534849][bookmark: _Toc155287622]I.2.3.2.2.2	Spatial correlation matrices at gNB side
For 1-antenna transmitter, [image: ].
For 2-antenna receivertransmitter using one pair of cross-polarized antenna elements, [image: ].
For 4-antenna receiver using two pairs of cross-polarized antenna elements,[image: ].
For 8-antenna receiver using four pairs of cross-polarized antenna elements,[image: ].
[bookmark: _Toc75165505][bookmark: _Toc75334429][bookmark: _Toc75508623][bookmark: _Toc75816362][bookmark: _Toc76541520][bookmark: _Toc76542087][bookmark: _Toc82429977][bookmark: _Toc89940228][bookmark: _Toc98754554][bookmark: _Toc106178368][bookmark: _Toc114149086][bookmark: _Toc124151331][bookmark: _Toc130393871][bookmark: _Toc137562258][bookmark: _Toc138871400][bookmark: _Toc145534850][bookmark: _Toc155287623]I.2.3.2.3	MIMO correlation matrices using cross polarized antennas
The values for parameters α, β and γ for low spatial correlation are given in table I.2.3.2.3-1.
Table I.2.3.2.3-1: Values for parameters α, b and γ
	Low spatial correlation

	Α
	b
	γ

	0
	0
	0

	NOTE 1:	Value of α applies when more than one pair of cross-polarized antenna elements at gNB side.
NOTE 2:	Value of β applies when more than one pair of cross-polarized antenna elements at UE side.



The correlation matrices for low spatial correlation are defined in table I.2.3.2.3-2 as below.
Table I.2.3.2.3-2: MIMO correlation matrices for low spatial correlation
	1x8 case
	[image: ]

	2x8 case
	[image: ]



In table I.2.3.2.3-2, [image: ] is a [image: ] identity matrix.

<End of Change 3>
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