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	Reason for change:
	1． In subclause 7.4.1.2.2 of TS 38.211, the RE for PTRS mapping is defined with the following condition:

“resource element    is not used for DM-RS, non-zero-power CSI-RS (except for those configured for mobility measurements or with resourceType in corresponding CSI-ResourceConfig configured as 'aperiodic'), zero-power CSI-RS, SS/PBCH block, a detected PDCCH according to subclause 5.1.4.1 of [6, TS38.214], or is declared as 'not available' by subclause 5.1.4 of [6, TS 38.214]”

The condition restricts PTRS from mapping onto any resource configured for aperiodic or semi-persistent zero-power CSI-RS, irrespective of the corresponding triggering state or activation state for the CSI-RS.
[bookmark: OLE_LINK10]However, according to subclause 5.1.4.2 of TS 38.214, untriggered aperiodic and de-activated semi-persistent zero-power CSI-RS resources are available for PDSCH.
Hence the specification is not consistent about whether the resource of zero-power CSI-RS can be used for PTRS. 
Since downlink PTRS is always transmitted together with PDSCH, it is reasonable that PTRS and PDSCH have the same resource mapping rule as described in subclause 5.1.4 of TS 38.214 for REs overlapping with zero-power CSI-RS.
2． In subclause 7.4.1.5.1 of TS 38.211, it is specified that: 

“for a zero-power CSI-RS configured by the ZP-CSI-RS-Resource IE, the UE shall assume that the resource elements defined in subclause 7.4.1.5.3 are not used for PDSCH transmission”. 

In subclause 7.4.1.5.3, the RE for CSI-RS mapping is defined with the following condition:

“the resource element  is within the resource blocks occupied by the CSI-RS resource for which the UE is configured”

This restricts PDSCH from mapping on any resource of configured aperiodic or semi-persistent zero-power CSI-RS irrespective of the corresponding triggering state or activation state. 
However, that is inconsistent with subclause 5.1.4.2 of 38.214 where untriggered aperiodic and de-activated semi-persistent zero-power CSI-RS resources are available for PDSCH.

	
	

	Summary of change:
	1. Remove “zero-power CSI-RS” from subclause 7.4.1.2.2 for PTRS resource mapping
2. Correction on CSI-RS mapping with respect to resources declared as ‘not available’ for PDSCH in subclause 7.4.1.5.3

	
	

	Consequences if not approved:
	Inconsistent resource mapping rule for PTRS on REs of zero-power CSI-RS. Inconsistent resource mapping rule for CSI-RS.

	
	

	Clauses affected:
	7.4.1.2.2, 7.4.1.5.3
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	Other comments:
	Isolated Impact Analysis:
The first change in this CR has isolated impact on PTRS mapping for a UE configured with both PTRS and aperiodic/semi-persistent ZP-CSI-RS in the same downlink slots. 
· For a UE with such configuration above, if gNB does not implement this CR but the UE does, when the aperiodic ZP-CSI-RS is not triggered by the DCI scheduling this PDSCH, or when concerned SP ZP-CSI-RS is not activated, the UE performance of phase tracking relying on the PTRS may be impaired because the UE may use wrong PTRS on the PTRS REs overlapping with aperiodic ZP-CSI-RS or SP ZP-CSI-RS.
· For a UE with such configuration above, if gNB implements this CR but the UE does not, when the aperiodic ZP-CSI-RS is not triggered by the DCI scheduling this PDSCH, or when concerned SP ZP-CSI-RS is not activated, the UE performance of phase tracking relying on PTRS may be impaired because UE does not utilize the PTRS REs overlapping with aperiodic ZP-CSI-RS or SP ZP-CSI-RS.

[bookmark: _GoBack]The second change in this CR has isolated impact on CSI-RS mapping when the CSI-RS resources are overlapping with resources declared as ‘not available’ for PDSCH.
· If the UE implements this CR and the gNB does not, or the gNB implements this CR and the UE does not, the UE may not be in line with the gNB on determination of CSI-RS and PDSCH resource mapping. 
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[bookmark: _Toc535263204]<Unchanged parts are omitted>
[bookmark: _Toc11324563]7.4.1.2.2	Mapping to physical resources
The UE shall assume phase-tracking reference signals being present only in the resource blocks used for the PDSCH, and only if the procedure in [6, TS 38.214] indicates phase-tracking reference signals being used.
If present, the UE shall assume the PDSCH PT-RS is scaled by a factor  to conform with the transmission power specified in clause 4.1 of [6, TS 38.214] and mapped to resource elements according to

[bookmark: _Hlk500883235]when all the following conditions are fulfilled

-	 is within the OFDM symbols allocated for the PDSCH transmission
-	resource element    is not used for DM-RS, non-zero-power CSI-RS (except for those configured for mobility measurements or with resourceType in corresponding CSI-ResourceConfig configured as 'aperiodic'), zero-power CSI-RS, SS/PBCH block, a detected PDCCH according to clause 5.1.4.1 of [6, TS38.214], or is declared as 'not available' by clause 5.1.4 of [6, TS 38.214]
<Unchanged parts are omitted>
[bookmark: _Toc11324573]7.4.1.5.3	Mapping to physical resources

For each CSI-RS configured, the UE shall assume the sequence  being mapped to resources elements  according to 
[image: ]
when the following conditions are fulfilled:
-	the resource element  is within the resource blocks occupied by the CSI-RS resource for which the UE is configured;
-	the resource element  is determined as available for ZP CSI-RS and NZP CSI-RS according to clause 5.1.4.2 and 5.1.6.1 of [6, TS 38.214], respectively.
The reference point for  is subcarrier 0 in common resource block 0.
The value of [image: ] is given by the higher-layer parameter density in the CSI-RS-ResourceMapping IE or the CSI-RS-CellMobility IE and the number of ports  is given by the higher-layer parameter nrofPorts.
The UE is not expected to receive CSI-RS and DM-RS on the same resource elements.


[bookmark: _Hlk494285052]The UE shall assume  for a non-zero-power CSI-RS where  is selected such that the power offset specified by the higher-layer parameter powerControlOffsetSS in the NZP-CSI-RS-Resource IE, if provided, is fulfilled.



The quantities , , , and  are given by Tables 7.4.1.5.3-1 to 7.4.1.5.3-6 where each  in a given row of Table 7.4.1.5.3-1 corresponds to a CDM group of size 1 (no CDM) or size 2, 4, or 8. The CDM type is provided by the higher layer parameter cdm-Type in the CSI-RS-ResourceMapping IE. The indices  and  index resource elements within a CDM group.
The time-domain locations  and  are provided by the higher-layer parameters firstOFDMSymbolInTimeDomain and firstOFDMSymbolInTimeDomain2, respectively, in the CSI-RS-ResourceMapping IE or the CSI-RS-ResourceConfigMobility IE and defined relative to the start of a slot.
[bookmark: _Hlk494448553][bookmark: _Hlk498073117]The frequency-domain location is given by a bitmap provided by the higher-layer parameter frequencyDomainAllocation in the CSI-RS-ResourceMapping IE or the CSI-RS-ResourceConfigMobility IE with the bitmap and value of  in Table 7.4.1.5.3-1 given by

-	,  for row 1 of Table 7.4.1.5.3-1

-	,  for row 2 of Table 7.4.1.5.3-1

-	,  for row 4 of Table 7.4.1.5.3-1

-	,  for all other cases


where  is the bit number of the  bit in the bitmap set to one, repeated across every  of the resource blocks configured for CSI-RS reception by the UE. The starting position and number of the resource blocks in which the UE shall assume that CSI-RS is transmitted are given by the higher-layer parameters freqBand and density in the CSI-RS-ResourceMapping IE for the bandwidth part given by the higher-layer parameter BWP-Id in the CSI-ResourceConfig IE or given by the higher-layer parameters nrofPRBs in the CSI-RS-CellMobility IE where the the startPRB given by csi-rs-MeasurementBW is relative to common resource block 0. 

[bookmark: _Hlk500920575]The UE shall assume that a CSI-RS is transmitted using antenna ports  numbered according to

	





where  is the sequence index provided by Tables 7.4.1.5.3-2 to 7.4.1.5.3-5,  is the CDM group size, and  is the number of CSI-RS ports. The CDM group index  given in Table 7.4.1.5.3-1 corresponds to the time/frequency locations  for a given row of the table. The CDM groups are numbered in order of increasing frequency domain allocation first and then increasing time domain allocation. For a CSI-RS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType or configured by the higher-layer parameter CSI-RS-CellMobility, the UE shall assume that the CSI-RS is transmitted in slots satisfying




where the periodicity  (in slots) and slot offset  are obtained from the higher-layer parameter CSI-ResourcePeriodicityAndOffset or slotConfig. The UE shall assume that CSI-RS is transmitted in a candidate slot as described in clause 11.1 of [5, TS 38.213]. 
The UE may assume that antenna ports within a CSI-RS resource are quasi-colocated with QCL Type A, Type D (when applicable), and average gain.

Table 7.4.1.5.3-1: CSI-RS locations within a slot.
	Row
	Ports[image: ]
	Density [image: ]
	cdm-Type
	[image: ]
	CDM group index [image: ]
	[image: ]
	[image: ]

	1
	1
	3
	No CDM
	, , 
	0,0,0
	0
	0

	2
	1
	1, 0.5
	No CDM
	,
	0
	0
	0

	3
	2
	1, 0.5
	FD-CDM2
	,
	0
	0, 1
	0

	4
	4
	1
	FD-CDM2
	,
	0,1
	0, 1
	0

	5
	4
	1
	FD-CDM2
	,
	0,1
	0, 1
	0

	6
	8
	1
	FD-CDM2
	, , , 
	0,1,2,3
	0, 1
	0

	7
	8
	1
	FD-CDM2
	, ,, 
	0,1,2,3
	0, 1
	0

	8
	8
	1
	CDM4 (FD2,TD2)
	 , 
	0,1
	0, 1
	0, 1

	9
	12
	1
	FD-CDM2
	, , , ,, 
	0,1,2,3,4,5
	0, 1
	0

	10
	12
	1
	CDM4 (FD2,TD2)
	, , 
	0,1,2
	0, 1
	0, 1

	11
	16
	1, 0.5
	FD-CDM2
	, , , ,, , , 
	0,1,2,3,
4,5,6,7
	0, 1
	0

	12
	16
	1, 0.5
	CDM4 (FD2,TD2)
	, , , 
	0,1,2,3
	0, 1
	0, 1

	13
	24
	1, 0.5
	FD-CDM2
	, , , , , ,, , , , , 
	0,1,2,3,4,5,
6,7,8,9,10,11
	0, 1
	0

	14
	24
	1, 0.5
	CDM4 (FD2,TD2)
	, , , , , 
	0,1,2,3,4,5
	0, 1
	0, 1

	15
	24
	1, 0.5
	CDM8 (FD2,TD4)
	, , 
	0,1,2
	0, 1
	0, 1, 2, 3

	16
	32
	1, 0.5
	FD-CDM2
	, , , ,, , , , , , , , , , , 
	0,1,2,3,
4,5,6,7,
8,9,10,11,
12,13,14,15
	0, 1
	0

	17
	32
	1, 0.5
	CDM4 (FD2,TD2)
	, , , , , , , 
	0,1,2,3,4,5,6,7
	0, 1
	0, 1

	18
	32
	1, 0.5
	CDM8 (FD2,TD4)
	, , , 
	0,1,2,3
	0,1
	0,1, 2, 3





Table 7.4.1.5.3-2: The sequences  and  for cdm-Type equal to 'no CDM'.
	Index
	
	

	0
	1
	1





Table 7.4.1.5.3-3: The sequences  and  for cdm-Type equal to 'FD-CDM2'.
	Index
	
	

	0
	

	1

	1
	

	1





Table 7.4.1.5.3-4: The sequences  and  for cdm-Type equal to 'CDM4'.
	Index
	
	

	0
	

	


	1
	

	


	2
	

	


	3
	

	






Table 7.4.1.5.3-5: The sequences  and  for cdm-Type equal to 'CDM8'.
	Index
	
	

	0
	

	


	1
	

	


	2
	

	


	3
	

	


	4
	

	


	5
	

	


	6
	

	


	7
	

	




<Unchanged parts are omitted>


oleObject51.bin

oleObject52.bin

oleObject53.bin

oleObject54.bin

image39.wmf
[

]

1

1

1

1

+

-

-

+


oleObject55.bin

oleObject56.bin

oleObject57.bin

image1.wmf
l


oleObject1.bin

image2.wmf
)

(

m

r


oleObject2.bin

image3.wmf
(

)

(

)

(

)

ë

û

,...

1

,

0

1

for 

2

1

for 

RB

sc

RB

sc

,

t

f

CSIRS

)

,

(

,

f

s,

=

î

í

ì

>

=

=

¢

+

=

¢

+

+

=

ú

ú

û

ú

ê

ê

ë

ê

+

¢

+

=

¢

¢

×

¢

×

¢

=

n

X

X

l

l

l

k

k

nN

k

N

k

k

n

m

m

r

l

w

k

w

a

n

l

p

l

k

r

r

a

r

a

b

m


image4.wmf
r


image5.wmf
0

CSIRS

>

b


oleObject3.bin

image6.wmf
CSIRS

b


oleObject4.bin

image7.wmf
(

)

k

w

¢

f


oleObject5.bin

image8.wmf
(

)

l

w

¢

t


oleObject6.bin

image9.wmf
(

)

l

k

,


oleObject7.bin

image10.wmf
[

]

0

3

b

b

L


oleObject8.bin

image11.wmf
[

]

0

11

b

b

L


oleObject9.bin

image12.wmf
[

]

0

2

b

b

L


oleObject10.bin

image13.wmf
[

]

0

5

b

b

L


oleObject11.bin

image14.wmf
(

)

i

f


oleObject12.bin

image15.wmf
th

i


oleObject13.bin

image16.wmf
p


oleObject14.bin

image17.wmf
;

1

,...,

1

,

0

1

,...,

1

,

0

;

3000

-

=

-

=

+

+

=

L

s

L

N

j

jL

s

p


oleObject15.bin

image18.wmf
s


oleObject16.bin

image19.wmf
{

}

8

,

4

,

2

,

1

Î

L


oleObject17.bin

image20.wmf
N


oleObject18.bin

image21.wmf
j


oleObject19.bin

image22.wmf
(

)

l

k

,


oleObject20.bin

image23.wmf
(

)

frame,

slotfs,foffsetCSI-RS

mod0

NnnTT

mm

+-=


oleObject21.bin

image24.wmf
CSI-RS

T


oleObject22.bin

image25.wmf
offset

T


oleObject23.bin

image26.wmf
X


image27.wmf
r


image28.wmf
(

)

l

k

,


image29.wmf
j


image30.wmf
k

¢


image31.wmf
l

¢


image32.wmf
(

)

k

w

¢

f


oleObject24.bin

image33.wmf
(

)

l

w

¢

t


oleObject25.bin

oleObject26.bin

oleObject27.bin

image34.wmf
[

]

1

1

+

+


oleObject28.bin

image35.wmf
[

]

1

1

-

+


oleObject29.bin

oleObject30.bin

oleObject31.bin

oleObject32.bin

oleObject33.bin

oleObject34.bin

oleObject35.bin

oleObject36.bin

oleObject37.bin

oleObject38.bin

oleObject39.bin

oleObject40.bin

oleObject41.bin

oleObject42.bin

image36.wmf
[

]

1

1

1

1

+

+

+

+


oleObject43.bin

oleObject44.bin

oleObject45.bin

oleObject46.bin

image37.wmf
[

]

1

1

1

1

-

+

-

+


oleObject47.bin

oleObject48.bin

oleObject49.bin

oleObject50.bin

image38.wmf
[

]

1

1

1

1

-

-

+

+


