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[bookmark: _Toc123571502][bookmark: _MCCTEMPBM_CRPT86941957___2]=============== Start of the 1st change ==============
[bookmark: _Toc26369716][bookmark: _Toc36227598][bookmark: _Toc36228613][bookmark: _Toc36229240][bookmark: _Toc68847560][bookmark: _Toc74611495][bookmark: _Toc75566774][bookmark: _Toc89790326][bookmark: _Toc99466964][bookmark: _Toc123571394]M.11	3gpp-qos-hint
Contact name, email address, and telephone number:
[bookmark: _MCCTEMPBM_CRPT86941660___2]	3GPP Specifications Manager
	3gppContact@etsi.org
	+33 (0)492944200
Attribute Name (as it will appear in SDP) 
[bookmark: _MCCTEMPBM_CRPT86941661___2]	3gpp-qos-hint
Long-form Attribute Name in English:
[bookmark: _MCCTEMPBM_CRPT86941662___2]	3GPP QoS hint attribute
Type of Attribute
[bookmark: _MCCTEMPBM_CRPT86941663___2]	Media level
Is Attribute Value subject to the Charset Attribute?
[bookmark: _MCCTEMPBM_CRPT86941664___2]	This Attribute is not dependent on charset.
Purpose of the attribute:
[bookmark: _MCCTEMPBM_CRPT86941665___2]	This attribute is used to describe the UE’s desired QoS properties from the local access network.
Appropriate Attribute Values for this Attribute:
[bookmark: _MCCTEMPBM_CRPT86941666___2]	See TS 26.114 clause 6.2.7.4x for ABNF and detailed usage.
MUX Category for this Attribute:
[bookmark: _MCCTEMPBM_CRPT86941667___2]	IDENTICAL

M.12	imageseq
Contact name, email address, and telephone number:
	3GPP Specifications Manager
	3gppContact@etsi.org
	+33 (0)492944200
Attribute Name (as it will appear in SDP) 
	imageseq
Long-form Attribute Name in English:
	3GPP Image Sequence attribute
Type of Attribute
	Media level
Is Attribute Value subject to the Charset Attribute?
	This Attribute is not dependent on charset.
Purpose of the attribute:
	This attribute is used to negotiate the usage of still images in a session.
Appropriate Attribute Values for this Attribute:
	See TS 26.114 clause 6.2.11 for ABNF and detailed usage.
MUX Category for this Attribute:
	NORMAL
M.13	3gpp_360video
Contact name, email address, and telephone number:
	3GPP Specifications Manager
	3gppContact@etsi.org
	+33 (0)492944200
Attribute Name (as it will appear in SDP) 
	3gpp_360video
Long-form Attribute Name in English:
	3GPP 360-degree Projected Video attribute 
Type of Attribute
	Media level
Is Attribute Value subject to the Charset Attribute?
	This Attribute is not dependent on charset.
Purpose of the attribute:
	This attribute is used to negotiate the usage of a 360-degree projected video steam in a session .
Appropriate Attribute Values for this Attribute:
	See TS 26.114 Annex Y.6.2 for ABNF and detailed usage.
MUX Category for this Attribute:
	NORMAL 
M.14	itt4rt_group 

Contact name, email address, and telephone number:
	3GPP Specifications Manager
	3gppContact@etsi.org
	+33 (0)492944200
Attribute Name (as it will appear in SDP) 
	itt4rt_group
Long-form Attribute Name in English:
	3GPP ITT4RT Group attribute
Type of Attribute
	Session level
Is Attribute Value subject to the Charset Attribute?
	This Attribute is not dependent on charset.
Purpose of the attribute:
	This attribute is used to group 360-degree media and overlay media using the mid attribute
Appropriate Attribute Values for this Attribute:
	See TS 26.114 Annex Y.6.2.6 for ABNF and detailed usage.
MUX Category for this Attribute:
	NORMAL
M.15	3gpp_overlay 
Contact name, email address, and telephone number:
	3GPP Specifications Manager
	3gppContact@etsi.org
	+33 (0)492944200
Attribute Name (as it will appear in SDP) 
	3gpp_overlay
Long-form Attribute Name in English:
	3GPP Overlay attribute
Type of Attribute
	Media level
Is Attribute Value subject to the Charset Attribute?
	This Attribute is not dependent on charset.
Purpose of the attribute:
	This attribute is used to indicate one or more parameters for configuring the rendering properties of an overlay.
Appropriate Attribute Values for this Attribute:
	See TS 26.114 Annex Y.6.4.3 for ABNF and detailed usage.
MUX Category for this Attribute:
	NORMAL
M.16	3gpp_360video_replacement 
Contact name, email address, and telephone number:
	3GPP Specifications Manager
	3gppContact@etsi.org
	+33 (0)492944200
Attribute Name (as it will appear in SDP) 
	3gpp_360video_replacement
Long-form Attribute Name in English:
	3GPP 360-degree Video Replacement attribute
Type of Attribute
	Media level
Is Attribute Value subject to the Charset Attribute?
	This Attribute is not dependent on charset.
Purpose of the attribute:
	This attribute is used to indicate that the content captured in the 360-degree video can be replaced.
Appropriate Attribute Values for this Attribute:
	See TS 26.114 Annex Y.6.4.4 for ABNF and detailed usage.
MUX Category for this Attribute:
	NORMAL
M.17	3gpp_fisheye 
Contact name, email address, and telephone number:
	3GPP Specifications Manager
	3gppContact@etsi.org
	+33 (0)492944200
Attribute Name (as it will appear in SDP) 
	3gpp_fisheye
Long-form Attribute Name in English:
	3GPP 360-degree Fisheye Video attribute
Type of Attribute
	Media level
Is Attribute Value subject to the Charset Attribute?
	This Attribute is not dependent on charset.
Purpose of the attribute:
	This attribute is used to indicate a 360-degree fisheye video stream.
Appropriate Attribute Values for this Attribute:
	See TS 26.114 Annex Y.6.5.2 for ABNF and detailed usage.
MUX Category for this Attribute:
	NORMAL
M.18	3gpp-camera-calibration 
Contact name, email address, and telephone number:
	3GPP Specifications Manager
	3gppContact@etsi.org
	+33 (0)492944200
Attribute Name (as it will appear in SDP) 
	3gpp-camera-calibration
Long-form Attribute Name in English:
	3GPP Camaera Calibration attribute
Type of Attribute
	Media level
Is Attribute Value subject to the Charset Attribute?
	This Attribute is not dependent on charset.
Purpose of the attribute:
	This attribute is used for signaling of camera calibration parametres for network-based stitching.
Appropriate Attribute Values for this Attribute:
	See TS 26.114 Annex Y.6.6 for ABNF and detailed usage.
MUX Category for this Attribute:
	NORMAL
M.19	stitch_group 
Contact name, email address, and telephone number:
	3GPP Specifications Manager
	3gppContact@etsi.org
	+33 (0)492944200
Attribute Name (as it will appear in SDP) 
	stitch_group
Long-form Attribute Name in English:
	3GPP Stitch Group attribute
Type of Attribute
	Session level
Is Attribute Value subject to the Charset Attribute?
	This Attribute is not dependent on charset.
Purpose of the attribute:
	This attribute is used to group the to-be-stitched 2D video captures using the mid attribute for network-based stitching.
Appropriate Attribute Values for this Attribute:
	See TS 26.114 Annex Y.6.6 for ABNF and detailed usage.
MUX Category for this Attribute:
	NORMAL
M.20	no_other_overlays 
Contact name, email address, and telephone number:
	3GPP Specifications Manager
	3gppContact@etsi.org
	+33 (0)492944200
Attribute Name (as it will appear in SDP) 
	no_other_overlays
Long-form Attribute Name in English:
	3GPP No Other Overlays attribute
Type of Attribute
	Media level
Is Attribute Value subject to the Charset Attribute?
	This Attribute is not dependent on charset.
Purpose of the attribute:
	This attribute is used to indicate that the MRF shall not group the 360-degree media stream from that ITT4RT-Tx client with overlay media streams from other ITT4RT clients.
Appropriate Attribute Values for this Attribute:
	See TS 26.114 Annex Y.6.8.2 for ABNF and detailed usage.
MUX Category for this Attribute:
	NORMAL
============== End of the 1st change ==============

============== Start of the 2nd change ==============

Y.6.2	Main 360-degree video
Y.6.2.1	General
A new SDP attribute 3gpp_360video is defined with the following ABNF syntax:
att-field = 			"3gpp_360video"
att-value = 			<payload type>PT [optparams]
PT =				1*DIGIT
optparams =			[SP FOV] [SP FOV_CENTER] [SP "Stereo"] [SP VDP] [SP viewportfb_trigger]

FOV =				"fov=" 1*(fovset)
fovset =			"[x=" azimuthrange ",y=" elevationrange "]"
azimuthrange =		deg0to360
elevationrange =	deg0to180

FOV_CENTER =		"fov_center=[x=" centerazimuth ",y=" centerelevation "]"
centerazimuth =		degminus180to180
centerelevation =	degminus90to90

VDP = 				"VDP" [SP SLVL] [SP Projection] [SP PPM] SP viewport_ctrl SP viewport_size
SLVL =				"VL"/"VL,SL"/"SL"
Projection =		"projection=" proj-type *("," proj-type)
PPM =				"ppm=" ppm-list
viewport_ctrl =		"viewport_ctrl=" vc-value *2("," [SP] vc-value)
viewport_size =		"viewport=" azimuthrange "x" elevationrange
;sub-rules of Projection
proj-type =			"ERP"/"CMP"
;sub-rules of PPM
ppm-list =			ppm-value *("/" ppm-value)
ppm-value =			"1"/"2"/packing
packing =			"[" PPWHQ "," PPHHQ "," TRHQ "," PPWLQ "," PPHLQ "," TRLQ "]"
PPWHQ =				pos-integer
PPHHQ =				pos-integer
TRHQ =				transform-value
PPWLQ =				pos-integer
PPHLQ =				pos-integer
TRLQ =				transform-value
transform-value =	"0"/"1"/"2"/"3"/"4"/"5"/"6"/"7"
					; transform values as per Table Y.6.1
;sub-rules of viewport_ctrl
vc-value =			"0"/"1"/"2"
					; viewport control values as per Table Y.6.2

viewportfb_trigger =D_spherical/("[" D_azimuth "," D_elevation "]")
D_spherical =		deg0to180minus1
D_azimuth =			degminus180to180
D_elevation =		degminus90to90

;generic sub-rules
deg0to360 =			"0"
					/ POS-DIGIT *6DIGIT
					/ "1" 7DIGIT
					/ "2" ("0"/"1"/"2") 6DIGIT
					/ "23" ("0"/"1"/"2"/"3"/"4") 5DIGIT
					/ "235" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7"/"8") 4DIGIT
					/ "2359" ("0"/"1") 3DIGIT
					/ "23592" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7"/"8") 2DIGIT
					/ "235929" ("0"/"1"/"2"/"3"/"4"/"5") DIGIT
					/ "23592960"
					; 0 to 23 592 960, inclusive 
deg0to180 =			"0"
					/ POS-DIGIT *6DIGIT
					/ "10" 6DIGIT
					/ "11" ("0"/"1"/"2"/"3"/"4"/"5"/"6") 5DIGIT
					/ "117" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7"/"8") 4DIGIT
					/ "1179" ("0"/"1"/"2"/"3"/"4"/"5") 3DIGIT
					/ "11796" ("0"/"1"/"2"/"3") 2DIGIT
					/ "117964" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7") 1DIGIT
					/ "11796480"
					; 0 to 11 796 480, inclusive
degminus180to180 =	"0"
					/ ["-"] POS-DIGIT *6DIGIT
					/ ["-"] "10" 6DIGIT
					/ ["-"] "11" ("0"/"1"/"2"/"3"/"4"/"5"/"6") 5DIGIT
					/ ["-"] "117" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7"/"8") 4DIGIT
					/ ["-"] "1179" ("0"/"1"/"2"/"3"/"4"/"5") 3DIGIT
					/ ["-"] "11796" ("0"/"1"/"2"/"3") 2DIGIT
					/ ["-"] "117964" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7") 1DIGIT
					/ "-11796480"
					; -11 796 480 to 11 796 479, inclusive
degminus90to90 =	"0"
					/ ["-"] POS-DIGIT *5DIGIT
					/ ["-"] ("1"/"2"/"3"/"4") 6DIGIT
					/ ["-"] "5" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7") 5DIGIT
					/ ["-"] "58" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7"/"8") 4DIGIT
					/ ["-"] "589" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7") 3DIGIT
					/ ["-"] "5898" ("0"/"1") 2DIGIT
					/ ["-"] "58982" ("0"/"1"/"2"/"3") DIGIT
					/ ["-"] "5898240"
					; -5 898 240 to 5 898 240, inclusive
deg0to180minus1 =	"0"
					/ POS-DIGIT *6DIGIT
					/ "10" 6DIGIT
					/ "11" ("0"/"1"/"2"/"3"/"4"/"5"/"6") 5DIGIT
					/ "117" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7"/"8") 4DIGIT
					/ "1179" ("0"/"1"/"2"/"3"/"4"/"5") 3DIGIT
					/ "11796" ("0"/"1"/"2"/"3") 2DIGIT
					/ "117964" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7") 1DIGIT
					; 0 to 11 796 479, inclusive
pos-integer =		POS-DIGIT * DIGIT
POS-DIGIT =			%x31-39			; 1-9


NOTE:	If the SDP negotiations become too complex, defining profiles can be considered. 
The semantics of the above attribute and parameters is provided below.  Unsupported parameters of the 3gpp_360video attribute may be ignored. The payload type is the RTP payload type number of the media stream associated with the 3gpp_360video attribute.
An ITT4RT client supporting the 3gpp_360video attribute shall support the following procedures:
-	when sending an SDP offer, the ITT4RT client includes the 3gpp_360video attribute in the media description for video in the SDP offer,
-	when sending an SDP answer, the ITT4RT client includes the 3gpp_360video attribute in the media description for video in the SDP answer if the 3gpp_360video attribute was received in an SDP offer,
-	after successful negotiation of the 3gpp_360video attribute in the SDP, for the video streams based on the HEVC or AVC codec, the ITT4RT clients exchange an RTP-based video stream containing an HEVC or AVC bitstream with omnidirectional video specific SEI messages as defined in clause Annex Y.3.
An ITT4RT client  supporting the 3gpp_360video attribute supporting use of viewport-dependent processing (VDP) shall include the VDP parameter in the SDP offer and answer. Depending on the value indicated by the VDP parameter, the ITT4RT client shall further support the following procedures:
-	the RTCP feedback (FB) message described in clause Annex Y.7.2 of type 'Viewport' to carry requested viewport information during the RTP streaming of media (signalled from the ITT4RT-Rx client to the ITT4RT-Tx client).
An ITT4RT client shall not include VDP parameter in the SDP answer if the SDP offer contains the 3gpp_360video attribute without the VDP parameter.
An ITT4RT-Tx client that supports VDP may use viewport margins to maintain consistent quality during small head motion and also to reduce the need for frequent viewport updates. Viewport margins can be extended on all or some sides of the viewport and may be at the same quality (or resolution) as the viewport or at a quality (or resolution) lower than the viewport but higher than the background. Viewport margins may be extended around the viewport evenly or unevenly depending on head motion or network quality.
Y.6.2.2	Projection
An ITT4RT- client supporting the 3gpp_360video attribute with VDP supporting projection may include the Projection parameter indicating the types of projection (e.g. ERP, CMP) it prefers (in the order of preference) in the SDP.  An ITT4RT client may respond to an SDP offer with multiple options indicated in the Projection parameter with the agreed option. An ITT4RT-Tx client is not required to provide the preferred form of projection indicated by an ITT4RT-Rx client but may do so when possible.
The ABNF syntax is defined as follows:
Projection = "projection=" proj-type *("," proj-type)
proj-type = "ERP" / "CMP"


Y.6.2.3	Field Of View (FOV)
An ITT4RT-Tx client may support sending a limited 360-degree video. 
i.	An ITT4RT-Tx client supporting the 3gpp_360video attribute capable of sending a limited 360-degree video shall include the parameter FOV in its SDP offer to indicate the cfov (Capture FoV) as the extent (range) of the 360-degree video with respect to the unit sphere. The range is expressed in units of 2–16 degrees with an x parameter for azimuth range and a y parameter for elevation range, sent as a comma-seperated tuple. The values for azimuth range shall be in the range of 0 to 360 * 216 (i.e., 23 592 960), inclusive, and the values for elevation range shall be in the range of 0 to 180 * 216 (i.e., 11 796 480), inclusive. In the absence of cfov, the default value of x and y are 360 and 180 degrees, respectively. 
ii.	An ITT4RT-Rx client supporting the 3gpp_360video attribute capable that wants to receive a limited 360-degree video shall include the parameter FOV in its SDP offer/answer to indicate the pfov (Preferred FoV), where pfov <= cfov in one or both the x and y dimensions when cfov is known. The pfov range is expressed in units of 2–16 degrees with an x parameter for azimuth range and a y parameter for elevation range, sent as a comma-seperated tuple. The values for azimuth range shall be in the range of 0 to 360 * 216 (i.e., 23 592 960), inclusive, and the values for elevation range shall be in the range of 0 to 180 * 216 (i.e., 11 796 480), inclusive. In the absence of pfov, the default value of x and y are 360 and 180 degrees, respectively.
iii.	An ITT4RT-Tx client that has received an SDP offer from an ITT4RT-Rx client with the parameter FOV shall include in its SDP answer the parameter FOV to indicate the range of the 360-degree video it will provide. The value is the same as the FOV in the SDP offer or different based on the ITT4RT-Tx client capabilities. 
An ITT4RT client supporting the 3gpp_360video attribute with the FOV parameter may include the paramater FOV_CENTER in the SDP. FOV_CENTER is expressed as a comma-separated tuple (x,y), where x is the azimuth (in units of 2–16 degrees) and y is the elevation (in units of 2–16 degrees) with respect to the global coordinates such that the range defined FOV bypasses through the coordinates defined by FOV_CENTER. The values for azimuth shall be in the range of −180 * 216 (i.e., −11 796 480) to 180 * 216 − 1 (i.e., 11 796 479), inclusive, and the values for elevation shall be in the range of −90 * 216 (i.e., −5 898 240) to 90 * 216 (i.e., 5 898 240), inclusive. The imageattr attribute indicates the resolution of the delivered content based on the cfov and pfov options. 
The ABNF syntax is defined as follows
FOV						= "fov=" 1*(fovset)
fovset					=	"[x=" azimuthrange ",y=" elevationrange "]"

azimuthrange		= "0"
				/ POS-DIGIT *6DIGIT
				/ "1" 7DIGIT
				/ "2" ("0"/"1"/"2") 6DIGIT
				/ "23" ("0"/"1"/"2"/"3"/"4") 5DIGIT
				/ "235" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7"/"8") 4DIGIT
				/ "2359" ("0"/"1") 3DIGIT
				/ "23592" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7"/"8") 2DIGIT
				/ "235929" ("0"/"1"/"2"/"3"/"4"/"5") DIGIT
				/ "23592960"
; 0 to 23 592 960, inclusive
elevationrange		= "0"
								/ POS-DIGIT *6DIGIT
				/ "10" 6DIGIT
				/ "11" ("0"/"1"/"2"/"3"/"4"/"5"/"6") 5DIGIT
				/ "117" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7"/"8") 4DIGIT
				/ "1179" ("0"/"1"/"2"/"3"/"4"/"5") 3DIGIT
				/ "11796" ("0"/"1"/"2"/"3") 2DIGIT
				/ "117964" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7") 1DIGIT
				/ "11796480"
									; 0 to 11 796 480, inclusive
FOV_CENTER			= "fov_center=[x=" centerazimuth ",y=" centerelevation "]"
centerazimuth		= "0"
				/ ["-"] POS-DIGIT *6DIGIT
				/ ["-"] "10" 6DIGIT
				/ ["-"] "11" ("0"/"1"/"2"/"3"/"4"/"5"/"6") 5DIGIT
				/ ["-"] "117" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7"/"8") 4DIGIT
				/ ["-"] "1179" ("0"/"1"/"2"/"3"/"4"/"5") 3DIGIT
				/ ["-"] "11796" ("0"/"1"/"2"/"3") 2DIGIT
				/ ["-"] "117964" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7") 1DIGIT
				/ "-11796480"
									; -11 796 480 to 11 796 479, inclusive
centerelevation	= "0"
			/ ["-"] POS-DIGIT *5DIGIT
			/ ["-"] ("1"/"2"/"3"/"4") 6DIGIT
			/ ["-"] "5" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7") 5DIGIT
			/ ["-"] "58" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7"/"8") 4DIGIT
			/ ["-"] "589" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7") 3DIGIT
			/ ["-"] "5898" ("0"/"1") 2DIGIT
			/ ["-"] "58982" ("0"/"1"/"2"/"3") DIGIT
			/ ["-"] "5898240"
				; -5 898 240 to 5 898 240, inclusive


Y.6.2.4	Picture Packing
An ITT4RT client supporting mixed-quality tiled encoding, mixed-resolution tiled encoding and/or a 360-degree low-quality background frame-packed with an overlapping high-quality viewport shall include the PPM parameter in the 3gpp_360video attribute of the SDP offer.  PPM has the following ABNF syntax: 
PPM				= "ppm=" ppm-list 
ppm-list = ppm-value *["/"ppm-value]
ppm-value			= "1" / "2" / packing
packing			= "[" PPWHQ "," PPHHQ "," TRHQ "," PPWLQ "," PPHLQ "," TRLQ "]"
PPWHQ				= pos-integer
PPHHQ				= pos-integer
TRHQ				= transform-value
PPWLQ				= pos-integer
PPHLQ				= pos-integer
TRLQ				= transform-value
pos-integer			= POS-DIGIT *DIGIT
POS-DIGIT			= %x31-39		;1-9
transform-value		= "0" / "1" / "2" / "3" / "4" / "5" / "6" / "7"	; transform values as per Table Y.6.1

A list of all supported options as defined by ppm-list in Annex Y.6.2.1 above shall be included in the SDP offer, where: 
-	A ppm-value of 1 indicates mixed-quality tiled encoding
-	A ppm-value of 2 indicates mixed-resolution tiled encoding
-	A ppm-value set to the comma-separated list ‘packing’ indicates low-quality viewport-independent background 360-degree video frame-packed with a high-quality viewport (possibly with margins) such that the two regions have overlapping content
An ITT4RT client that receives an SDP offer with a ppm-list of more than one ppm-value shall include only one preferred/supported ppm-value in the SDP answer. An ITT4RT-Rx client that includes the PPM parameter in its SDP offer with the ppm-value set to ‘packing’ (as defined above in the PPM syntax) shall set all values of the ‘packing’ to zero. An ITT4RT-Tx client that receives the PPM parameter in an SDP offer with the ppm-value set to ‘packing’ (as defined above in the PPM syntax) shall set all values of the ‘packing’ appropriately in the response.  
Tiled encoding may be used to deliver the full 360-degree video or a high-quality video which includes the viewport and may include viewport margins.
The ppm-value ‘packing’ consists of the following six fields: 
-	PPWHQ defines packed_picture_width of the high-quality region in pixels
-	PPHHQ defines packed_picture_height of the high-quality region in pixels
-	TRHQ defines transform operations applied on the high-quality region. 
-	PPWLQ defines packed_picture_width of the low-quality region in pixels
-	PPHLQ defines packed_picture_height of the low-quality region in pixels
-	TRLQ defines transform operations applied on the low-quality region
The transform operations have a value of 0-7 as defined in Table Y.6.1: 
Table Y.6.1: Transform values
	Transform value
	Transform operation

	0
	no transform 

	1
	mirrored horizontally

	2
	rotation by 180 degrees (counter-clockwise) 

	3
	rotation by 180 degrees (counter-clockwise) before mirroring horizontally

	4
	rotation by 90 degrees (counter-clockwise) before mirroring horizontally

	5
	rotation by 90 degrees (counter-clockwise)

	6
	rotation by 270 degrees (counter-clockwise) before mirroring horizontally

	7
	rotation by 270 degrees (counter-clockwise)



An ITT4RT-Rx client shall render the high-quality viewport region where these two regions are overlapping. The PPM parameter for defining the HQ and LQ regions should be used when the information remains constant during the session. When the packed regions are not overlapping, the high-quality and low-quality regions do not need to be explicitly defined and SEI messages for region-wise packing may be used instead of the SDP PPM parameter.
NOTE:	The size of the viewport and fov attributes define the size of projected regions. [It should be considered if the two values should be included explicitly here].
Y.6.2.5 Viewport Control 
An ITT4RT client that supports the 3gpp_360video with VDP shall in its SDP offer include the parameter viewport_ctrl with one or more of the following control options:
-	device_controlled if ITT4RT-Tx client will provide VDP based on the requested viewport indicated by the RTCP feedback (FB) message type ‘Viewport’ sent by the corresponding ITT4RT-Rx client. 
-	recommended_viewport if ITT4RT-Tx client will provide VDP with the help of a recommendation/prediction engine.
-	presenter_viewport if ITT4RT_Tx will provide VDP based on the viewport of an ITT4RT-Rx client other than the one the SDP offer is being sent to.
Table Y.6.2 provides a mapping between viewport control values and viewport control options.
Table Y.6.2: Viewport control values
	Viewport control value
	Viewport control option

	0
	device_controlled

	1
	recommended_viewport

	2
	presenter_viewport



Multiple options are provided as a comma-separated list. An ITT4RT client that receives an SDP offer with multiple viewport_ctrl options may include its preferred viewport_ctrl option in the SDP answer. If no options are given in the answer, the sender shall use the first option in the list.  If the recommended_viewport is successfully negotiated as viewport_ctrl, the ITT4RT-Rx client should not use viewport prediction when sending the RTCP feedback (FB) message type ‘Viewport’ to avoid any conflicts with the prediction engine of the ITT4RT-Tx client. The ABNF syntax is defined as follows:
viewport_ctrl = "viewport_ctrl=" vc-value *2 ("," [SP] vc-value)
vc-value			= "0" / "1" / "2"
							; viewport control values as per Table Y.6.2

Y.6.2.6	Overlay and 360-degree video
An ITT4RT client that sends an SDP message with at least one 360-degree video/audio and at least one overlay shall include in SDP the attribute itt4rt_group before any media lines. The itt4rt_group attribute is used to group 360-degree media and overlay media using the mid attribute and the syntax for the SDP attribute is:
	a=itt4rt_group: <group-1> / … / <group-N>

where <group-X> shall include at least one mid associated with 360-degree media and at least one mid associated with an overlay as defined by the mid attribute in the corresponding media description.
The ABNF syntax for this attribute is the following:
	att-field = 		"itt4rt_group" 
	att-value = 		rest-group *[" /" rest-group]
	rest-group = 	2*(SP identification-tag)
					; identification-tag is defined in RFC 5888

An ITT4RT-Tx client and an ITT4RT-Rx client may negotiate the overlays that can be associated with the 360-degree video offered by the ITT4RT-Tx client using the itt4rt_group attribute. An ITT4RT client shall indicate in an offer the overlays to be grouped with the 360-degree video using the itt4rt_group attribute. The overlays that are acceptable shall be retained in the answer and the ones that are not acceptable shall be removed. An ITT4RT-Tx client may offer overlay configuration options using the 3gpp_overlay attribute based on the list of media lines (i.e., potential overlay sources) provided in the itt4rt_group attribute in an SDP offer initiated by an ITT4RT-Rx client. The 3gpp_overlay attribute is offered in an SDP renegotiation.
The order of the media included in the itt4rt_group indicates the synchronization source with the first media always being the synchronization anchor when synchronization is required.
NOTE:	2D video received from an ITT4RT-Rx clients may be offered as an overlay by the ITT4RT MRF to other ITT4RT-Rx clients. The ITT4RT MRF (acting as the ITT4RT-Tx client) would be the source of overlay media in this case.
Y.6.2.7 Viewport Size 
An ITT4RT client that includes the 3gpp_360video with the VDP parameter shall also include in SDP the parameter viewport_size to indicate the size of the device viewport using the azimuth and elevation ranges expressed in degrees. An ITT4RT-Tx client may include the viewport_size of the ITT4RT-Rx client when this is known (e.g., in response to an SDP offer from an ITT4RT-Rx client) or include "viewport=0x0" and the value can be ignored by the ITT4RT-Rx client.    
The ABNF syntax is given below:
viewport_size = "viewport=" azimuthrange"x"elevationrange

where the syntax of azimuthrange and elevationrange is as defined in clause Y.6.2.3.
NOTE:	The viewport size defines the size of the viewport of the ITT4RT-Rx client UE. An ITT4RT-Tx client provides VDP based on this viewport size. The capture and preferred FOV, on the other hand, defines the range of the 360-degree content, which should be larger than the viewport size and can be negotiated even for viewport-independent processing.
Y.6.2.8 Viewport-only VDP and Image attributes
An ITT4RT-Tx client supporting VDP may deliver only the viewport or viewport with viewport margins and not the full captured/preferred field-of-view of the 360-degree video. If the viewport region (with or without a viewport margin) is extracted from a projected picture (e.g., ERP), the resolution would change depending on where the viewport is located on the picture. To avoid this, the ITT4RT-Tx client may rotate the desired viewport region to the centre of the ERP before cropping it to the desired size as indicated by imageattr. The delivered bitstream shall contain the rotation SEI and the region-wise packing SEI message if the ITT4RT-Rx client is expected to do sphere-locked rendering by reversing the rotation of the received image before rendering.
An ITT4RT client may support viewport-locked VDP for delivering the viewport region only. A viewport-locked VDP bit stream should include only the viewport region and should not include rotation SEI messages. An ITT4RT client that supports viewport-locked VDP shall include in its SDP offer the parameter SLVL as defined in Annex Y.6.2.1.VLSL as defined below 
	SLVL = "VL"/"VL,SL"/"SL"
The value "SL" refers to sphere-locked rendering, which requires the receiver to render the received picture according to the global coordinate axes. The value "VL" refers to viewport-locked rendering, which require the receiver to render the received picture such that the center of the received picture is aligned to the center of the current viewport.
An ITT4RT client that supports only viewport-locked VDP shall include "VL" in its SDP offer. An ITT4RT client that supports both viewport-locked VDP and a sphere-locked type of VDP shall include "VL,SL".  An ITT4RT client that receives an SDP offer with "VL" shall include it in its response if it supports viewport-locked VDP and chooses to use it. An ITT4RT client that receives an SDP offer with "VL" shall remove the VDP parameter in its response if it does not support viewport-locked VDP or does not wish to use it; the 360-degree video is then delivered using viewport-independent processing. An ITT4RT client that receives an SDP offer with "SL" shall include it in its response if it supports sphere-locked VDP and chooses to use it. An ITT4RT client that receives an SDP offer with "SL" shall remove the VDP parameter in its response if it does not support sphere-locked VDP or does not choose to use it; the 360-degree video is then delivered using viewport-independent processing. An ITT4RT client that receives an SDP offer with "VL,SL" shall include either "SL" or "VL" in the SDP response based on its preferred mode. Alternatively, if it does not support nor choose either VL or SL it shall remove the VDP from the 3gpp_360video attribute in the response.
Y.6.2.9 Viewport Feedback Trigger 
An ITT4RT client include the parameter viewportfb_trigger in the 3gpp_360video attribute to define the minimum view port change to initiate an early or event-based RTCP feedback, with the following syntax 
	viewportfb_trigger = "<"D | D_azimuth, D_elevation">". The syntax for viewportfb_trigger is defined in Annex Y.6.2.1.
where D_azimuth, and D_elevation are the minimum number of degrees that the viewport may change in the horizontal or vertical direction, respectively. The value D_spherical is the minimum spherical distance in degrees between the center of the old and the new viewport. The values for D_spherical shall be in the range 0 to 180 * 216 − 1 (i.e., 11 796 479). Spherical distance between the centre of a first viewport (x1,y1) and second viewport (x2,y2), is calculated as:
	
	
	where x1 and x2 is the azimuth in radians and y1 and y2 is the elevation in radians. The value c is in radians and must be converted to degrees for use with D. 
The viewport feedback trigger value is estimated by the ITT4RT-Tx client based on the viewport margin configuration it intends to use. An ITT4RT-Rx client supporting RTCP viewport feedback shall use periodic RTCP viewport feedback. The frequency of the periodic feedback should be such that it does not exceed the allocated RTCP bandwidth as defined in RFC 4585. An ITT4RT-Rx client may use immediate/early RTCP feedback in addition to the periodic feedback as long as the allocated RTCP bandwidth requirements are met. An ITT4RT-Tx may define a viewport feedback trigger value for an early/immediate feedback and signal this value to the ITT4RT-Rx client in the SDP. The ITT4RT-Tx client should select a threshold value that is suitable for the margin configuration that it intends to use for that stream. The threshold value should be defined within the viewport margin region such that the ITT4RT-Tx client would update the high-quality region (viewport and viewport margin) if the viewport breaches this threshold.
If an ITT4RT-Rx client does not have the capability to provide an RTCP viewport feedback at the viewport feedback threshold value provided by the ITT4RT-Tx client in an SDP offer, it may respond with the the minimum threshold value it can support. The ITT4RT-Tx client may adjust its viewport margin configuration based on the threshold value in the answer. If an ITT4RT-Rx client only supports periodic feedback, it shall remove the viewportfb_trigger parameter from the response.
An ITT4RT-Rx client that supports a viewport feedback trigger shall include the parameter viewportfb_trigger with the minimum threshold value it can support in an SDP offer. The ITT4RT-Tx client may remove the parameter if it does not support this value or respond with an acceptable value that is equal or higher than the one in the ITT4RT-Rx’s offer. 
If both sides acknowledge the support of viewportfb_trigger, the ITT4RT-Rx client shall use event-driven/early viewport feedback in addition to periodic feedback. If viewportfb_trigger is not defined by the ITT4RT-Tx client, the ITT4RT-Rx client may still use immediate/early feedback. An ITT4RT-Rx client may use the velocity of the viewport during head motion and the viewport margin (if known) to trigger an immediate feedback. Alternatively, it may use the spherical distance between the viewport in the last feedback and the current viewport to trigger an immediate feedback. The spherical distance can be selected based on viewport margins (if known). An ITT4RT-Rx client may suppress an immediate/early feedback if the time to the next periodic viewport feedback is less than an application-defined threshold.
=============== End of the 2nd change ==============

============== Start of the 3rd change ==============
[bookmark: _Toc123571512][bookmark: _MCCTEMPBM_CRPT86942018___2]Y.6.4.3	Overlay Configuration
[bookmark: _Toc123571513][bookmark: _MCCTEMPBM_CRPT86942019___7]Y.6.4.3.1	General
ITT4RT clients may support the following types of rendering for overlays, as defined in the OMAF specification [179] clause 7.14.
-	viewport-relative overlay, specifying that the overlay is displayed on a rectangular area at an indicated position relative to the top-left corner of the viewport;
-	[sphere-relative projected omnidirectional overlay, specifying that the overlay is displayed on a sphere surface at an indicated position within or on the unit sphere];
-	sphere-relative 2D overlay, specifying that the overlay is displayed on a plane at an indicated position within the unit sphere.
An ITT4RT client supporting overlays may include in its SDP media description the attribute 3gpp_overlay to define one or more parameters for configuring the rendering properties of an overlay. The 3gpp_overlay attribute has the following syntax:
	a = 3gpp_overlay: overlay_id SP type SP (sphere_relative_overlay_config / viewport_relative_overlay_config) [ SP overlay_info]att-field =	"3gpp_overlay"
att-value =	[free_overlay SP] overlay_id SP type SP overlay_config
			[SP overlay_info] [SP overlay_overlap_flag]

free_overlay =			"free_ovelay=" BIT
overlay_id = 			token
						; token is defined in RFC 4566
type =					BIT
overlay_config =		(sph_rel_overlay_config / vp_rel_overlay_config)
overlay_info =			"overlay_info=" 5BIT
overlay_overlap_flag =	"overlap=" BIT

;sub-rules for sphere_relative_overlay_config
sph_rel_overlay_config =	"[" Overlay_azimuth "," Overlay_elevation "," Overlay_tilt 
							"," Overlay_azimuth_range "," Overlay_elevation_range
							"," Overlay_rot_yaw "," Overlay_rot_pitch "," Overlay_rot_roll
							"," region_depth_minus1 "," timeline_change_flag "]"
Overlay_azimuth =			degminus180to180
Overlay_elevation =			degminus90to90
Overlay_tilt =				degminus180to180
Overlay_azimuth_range =		deg0to360	
Overlay_elevation_range =	deg0to180	
Over_rot_yaw =				degminus180to180
Over_rot_pitch =			degminus90to90
Over_rot_roll =				degminus180to180
region_depth_minus1 =		pctin2tominus16
timeline_change_flag =		BIT

;sub-rules for viewport_relative_overlay_config
vp_rel_overlay_config =	"[" Overlay_rect_left_percent "," Overlay_rect_top_percent 
						"," Overlay_rect_width_percent "," Overlay_rect_height_percent
						"," Relative_disparity_flag	"," Disparity
						"," media_alignment "," layering_order "," opacity
						"," overlay_priority "]"

Overlay_rect_left_percent =		pctIn2ToMinus16
Overlay_rect_top_percent =		pctIn2ToMinus16
Overlay_rect_width_percent =	pctIn2ToMinus16
Overlay_rect_height_percent =	pctIn2ToMinus16
Relative_disparith_flag =		BIT
Disparity =						(Disparity_in_percent / Disparity_in_pixels)
Disparity_in_percent =			pctIn2ToMinus16
Disparity_in_pixels =			integer
media_alignment =				"0"/pos-integer
layering_order =				pos-integer
opacity =						"0"/pos-integer
overlay_priority =				pos-integer

;generic sub-rules
integer =					"0"/["-"]pos-integer
pctin2tominus16 =			"0"
							/ POS-DIGIT *4DIGIT
							/ "6" ("0"/"1"/"2"/"3"/"4") 3DIGIT
							/ "65" ("0"/"1"/"2"/"3"/"4") 2DIGIT
							/ "655" ("0"/"1"/"2") 1DIGIT
							/ "6553" ("0"/"1"/"2"/"3"/"4"/"5")
							; 0 to 65 535, inclusive
; pos-integer, degminus180to180, degminus90to90, deg0to360 and deg0to180 are from Y.6.2.1


The 3gpp_overlay attribute is included as part of the 360-degree video media description. More than one 3gpp_overlay attribute may exist as part of the media description if more than one overlay is to be configured. The overlay_id in 3gpp_overlay is set to the mid of the media description of the overlay source for which the configuration is provided. An ITT4RT-Tx client may include more than one 3gpp_overlay attributes with the same non-zero overlay_id (associated with an overlay source) in an SDP offer. The overlay configurations are listed in order of preference. An ITT4RT-Rx client that receives an SDP offer with multiple 3gpp_overlay attributes with the same non-zero overlay_id shall reply with only one acceptable 3gpp_overlay line for one acceptable overlay source. If an overlay source is rejected, all 3gpp_overlay attribute lines with the overlay_id associated with that source are excluded in the SDP answer.
An ITT4RT-Tx client may set the free_overlay flag to indicate that no media source is associated with this overlay configuration by the ITT4RT-Tx client and the corresponding overlay region in the video may be used by the ITT4RT-Rx client to overlay any media including external media sources (e.g., a text notification from an external application, an external video overlay or a source describing an occlude-free region that any overlay on top would not result in any significant loss of information). The overlay_id in 3gpp_overlay in case of overlays with the free_overlay flag with a value of 1 shall not be equal to any mid in the SDP media description. In case of overlay_id which is not associated with an overlay source (to identify an external source overlay and/or an occlude-free region), the free_overlay flag shall be included with a value equal to 1. If the free_overlay flag is not present or the free_overlay flag has a value of 0, the overlay_id shall be a value which corresponds to at least one mid of the media description of the overlay source. An ITT4RT-Tx client may include more than one 3gpp_overlay attributes with the same non-zero overlay_id and with the free_overlay flag set to 1 in an SDP offer. The implementation details for use of overlay region with the free_overlay flag set to 1 is left to the application.
An ITT4RT-Rx client that sends an SDP offer to receive 360-degree media and overlay source media shall not include the 3gpp_overlay attribute. An ITT4RT-Tx client that receives such an offer may initiate an SDP renegotiation offer to configure the overlays for the overlay sources as indicated by the itt4rt_group attribute. 
An ITT4RT client that receives an SDP offer including overlay sources without the 3gpp_overlay attribute may decline the offer and send a renegotiation offer with the 3gpp_overlay attribute.
The type shall have the value ‘0’ for viewport-relative overlays and ‘1’ for sphere-relative overlays. Depending on the value of type, the 3gpp_overlay attribute may further include the corresponding configuration information sphere_relative_overlay_config (type = ‘1’) or the viewport_relative_overlay_config (type = ‘0’).
A set of flags describing interactivity of the overlay may be included in the optional overlay_info parameter defined in clause Annex Y.6.4.3.4.
NOTE 1:	Other overlay definitions in OMAF are not excluded from ITT4RT. Which overlay definition(s) from OMAF are adopted for overlays in ITT4RT is currently TBD. Optional user interactivity flags such as for definining moveability, resizing of the overlay may be added later to the 3gpp_overlay parameter.
NOTE 2:	There should be a default configuration for overlay when explicit configuration is not provided to ensure that multiple receivers have similar experience.
Y.6.4.3.2	Sphere-relative Overlay Configuration
An ITT4RT client supporting the 3gpp_overlay attribute to configure a sphere-relative overlay shall set parameter type = ‘1’ and additionally include the parameter sphere_relative_overlay_config defined as follows:
sphere_relative_overlay_config = [Overlay_azimuth "," Overlay_elevation ", " Overlay_tilt "," Overlay_azimuth_range "," Overlay_elevation_range "," Overlay_rot_yaw "," Overlay_rot_pitch "," Overlay_rot_roll "," region_depth_minus1 "," timeline_change_flag]

-	Overlay_azimuth: Specifies the azimuth angle of the centre of the overlay region on the unit sphere in units of 2−16 degrees relative to the global coordinate axes. 
-	Overlay_elevation: Specifies the elevation angle of the centre of the overlay region on the unit sphere in units of 2−16 degrees relative to the global coordinate axes. 
-	Overlay_tilt: Specifies the tilt angle of the offered overlay region, in units of 2−16 degrees, relative to the global coordinate axes. 
-	Overlay_azimuth_range: Specifies the azimuth range of the region corresponding to the 2D plane on which the overlay is rendered through the centre point of the overlay region in units of 2−16 degrees. 
-	Overlay_elevation_range: Specifies the elevation range of the offered region corresponding to to the 2D plane on which the overlay is rendered  through the centre point of the overlay region in units of 2−16 degrees. 
-	Overlay_rot_yaw, Overlay_rot_pitch, and Overlay_rot_roll specify the rotation of the 2D plane on which the overlay is rendered. Prior to rendering the 2D plane, it may be rotated as specified by overlay_rot_yaw, overlay_rot_pitch and overlay_rot_yaw and placed on a certain distance as specified by region_depth_minus1. The rotations are relative to the coordinate system as specified in clause 5.1 of ISO/IEC 23090-2 in which the origin of the coordinate system is in the centre of the overlay region, the X axis is towards the origin of the global coordinate axes, the Y axis is towards the point on the plane that corresponds to cAzimuth1 in Figure 7‑4 of ISO/IEC 23090-2, and the Z axis is towards the point on the plane that corresponds to cElevation2 in Figure 7‑4 of ISO/IEC 23090-2. overlay_rot_yaw expresses a rotation around the Z axis, overlay_rot_pitch rotates around the Y axis, and overlay_rot_roll rotates around the X axis. Rotations are extrinsic, i.e., around X, Y, and Z fixed reference axes. The angles increase clockwise when looking from the origin towards the positive end of an axis. The rotations are applied starting from overlay_rot_yaw, followed by overlay_rot_pitch, and ending with overlay_rot_roll.
-	region_depth_minus1 - indicates the depth (z-value) of the region on which the overlay is to be rendered. The depth value is the norm of the normal vector of the overlay region. region_depth_minus1 + 1 specifies the depth value relative to a unit sphere in units of 2−16.
-	timeline_change_flag equal to ‘1’ specifies that the overlay content playback shall pause if the overlay is not in the user's current viewport, and when the overlay is back in the user's viewport the overlay content playback shall resume with the global presentation timeline of the content. The content in the intermediate interval is skipped. timeline_change_flag equal to ‘0’ specifies that the overlay content playback shall pause if the overlay is not in the user's current viewport, and when the overlay is back in the user's viewport the overlay content playback resumes from the paused sample. This prevents loss of any content due to the overlay being away from the user's current viewport. 
Y.6.4.3.3	Viewport-relative Overlay Configuration
An ITT4RT client supporting the 3gpp_overlay attribute to configure a viewport-relative overlay shall set parameter type = ‘0’ and additionally include the parameter viewport_relative_overlay_config defined as follows:
viewport_relative_overlay_config = [Overlay_rect_left_percent "," Overlay_rect_top_percent "," Overlay_rect_width_percent "," Overlay_rect_height_percent "," Relative_disparity_flag "," (Disparity_in_percent / Disparity_in_pixels),” media_alignment”, ” layering_order”,” opacity”, ”overlay_priority”]

-	Overlay_rect_left_percent: Specifies the x-coordinate of the left corner of the rectangular region of the overlay to be rendered on the viewport in per cents relative to the width of the viewport. The values are indicated in units of 2-16 in the range of 0 (indicating 0%), inclusive, up to but excluding 65536 (that indicates 100%).
-	Overlay_rect_top_percent: Specifies the y-coordinate of the top corner of the rectangular region of the overlay to be rendered on the viewport in per cents relative to the height of the viewport. The values are indicated in units of 2-16 in the range of 0 (indicating 0%), inclusive, up to but excluding 65536 (that indicates 100%).
-	Overlay_rect_width_percent: Specifies the width of the rectangular region of the overlay to be rendered on the viewport in per cents relative to the width of the viewport. The values are indicated in units of 2-16 in the range of 0 (indicating 0%), inclusive, up to but excluding 65536 (that indicates 100%).
-	Overlay_rect_height_percent: Specifies the height of the rectangular region of the overlay to be rendered on the viewport in per cents relative to the height of the viewport. The values are indicated in units of 2-16 in the range of 0 (indicating 0%), inclusive, up to but excluding 65536 (that indicates 100%).
NOTE 1:	The size of overlay region over the viewport changes according to the viewport resolution and aspect ratio. However, the aspect ratio of the overlaid media is not intended to be changed.
-	Relative_disparity_flag: iIndicates whether the disparity is provided as Disparity_in_percent which is a percentage value of the width of the display window for one view (when the value is equal to 1) or as Disparity_in_pixels which is a number of pixels (when the value is equal to 0). This applies for the case when there is a monoscopic overlay.
-	Disparity_in_percent: Specifies the disparity, in units of 2−16, as a fraction of the width of the display window for one view. The value may be negative, in which case the displacement direction is reversed. This value is used to displace the region to the left on the left eye view and to the right on the right eye view. This applies for the case when there is a monoscopic overlay and stereoscopic background visual media.
-	Disparity_in_pixels: iIndicates the disparity in pixels. The value may be negative, in which case the displacement direction is reversed. This value is used to displace the region to the left on the left eye view and to the right on the right eye view. This applies for the case when there is a monoscopic overlay and stereoscopic background visual media.
-	Media_alignment: Specifies the default intended scaling of the overlay source  depending on the dimensions of the specified rectangular region and the intended placement of the scaled overlay source relative to the specified rectangular region.

-	Layering_order: Indicates the default layering order among the overlays that are relative to the viewport, and separately among each set of overlays that have the same depth. Viewport-relative overlays are overlaid on top of the viewport in descending order of layering_order, i.e., an overlay with a smaller layering_order value shall be in front of an overlay with a greater layering_order value. The layering order for overlays of the 360-degree video should be decided by the ITT4RT-Tx client. 
-	Opacity: Indicates an integer value that specifies the default opacity that is to be applied for the overlay and assigned by the ITT4RT-Tx client. Value 0 is fully transparent, and value 100 is fully opaque with a linear weighting between the two extremes. Values greater than 100 are reserved. 
-	Overlay_priority: Indicates which overlay should be prioritized in the case the ITT4RT-Rx client does not have enough decoding capacity to decode all overlays. A lower overlay_priority indicates higher priority. The value of overlay_priority, when present, shall be equal to 0 for overlays that are essential for displaying. More than one overlay may have the same overlay_priority and an ITT4RT-Rx client that does not support all overlays with the same priority may choose any subset of these.
NOTE 2:	Other overlay definitions in OMAF are not excluded from ITT4RT. Which overlay definition(s) from OMAF are adopted for overlays in ITT4RT is currently TBD.
NOTE 3:	For both of the above overlay types from OMAF, incorporate from the spec further details about the order of operations for overlay rendering (in particular order of translation and rotation).
Y.6.4.3.4	Overlay info parameter
The parameter overlay_info is a bit field consisting of flags describing the type of overlay interactivity recommended:
	overlay_info= ‘overlay_info=’b4b3b2b1b0
-	b0 = ‘0’: changing the position of the overlay is not recommended, overlay position is fixed
b0 = ‘1’: changing the position of the overlay is allowed, ITT4RT-Rx client may change position 
-	b1 = ‘0’: switching the overlay on/off is not recommended
b1 = ‘1’: switching the overlay on/off is allowed, ITT4RT-Rx client may switch overlay off
-	b2 = ‘0’: rotating the overlay is not recommended 
b2 = ‘1’: rotating the overlay is allowed
- 	b3 = ‘0’: resizing the overlay is not recommended 
b3 = ‘1’: resizing the overlay is allowed
- 	b4 = ‘0’: changing the opacity of the overlay is not recommended
b4 = ‘1’: changing the opacity of the overlay is allowed
Y.6.4.3.5	Additional Overlay Configuration
An ITT4RT client supporting the 3gpp_overlay attribute to configure a sphere-relative overlay or viewport-relative overlay may include the following additional parameter for overlay support:
overlay_overlap_flag: Indicates if the ITT4RT-Rx client is allowed to overlap overlays from the ITT4RT-Tx client. If set to 1, the ITT4RT-Rx client may overlap overlays shared by the ITT4RT-Tx client.
[bookmark: _Toc67898844][bookmark: _Toc99467069][bookmark: _Toc123571518]Y.6.4.4	Captured Content Replacement
[bookmark: _MCCTEMPBM_CRPT86942032___5]To prevent the degradation of presentation material (e.g., slides, screen share, video, notes) that may be captured from a display (screen or projector) with a 360-degree camera, the captured content in the 360-degree video can be replaced with the original presentation material. Such replacement implies decoding the content (360-degree video and presentation material), identifying the position of the presentation material in the 360-degree video, replacing the captured presentation content at the display coordinates in the 360-degree video, and finally encoding the new 360-degree video (i.e., with the same encoding parameters as the original 360-degree video). The replacement could either be performed in the ITT4RT-Tx client in terminal which is sending the 360-degree video or in the ITT4RT-MRF.
When replacement is to be performed, the availability of the original presentation content must be signalled by the source of the content to the client performing the replacement (that is, the ITT4RT-Tx client in terminal or the ITT4RT-MRF) using the SDP attribute “a=content:slides” [81] which may include different content, for example slides, screen share, video, notes.  The client performing the replacement shall determine an appropriate configuration for performing the content replacement in the 360-degree video, unless overlay parameters are given by the source of the original presentation content (e.g., configuration in terms of sphere-relative overlay coordinates as defined in clause Annex Y.6.4.3.2).
[bookmark: _MCCTEMPBM_CRPT86942033___7]When the SDP negotiation is initiated by the ITT4RT-Tx client in terminal, the ITT4RT-Tx client in terminal shall include the attribute “a=3gpp_360video_replacement” in its SDP offer to indicate that the content captured in the 360-degree video can be replaced.  If the ITT4RT-MRF supports content replacement and receives an SDP offer with the attribute “a=3gpp_360video_replacement”, then the ITT4RT-MRF shall include the attribute “a=3gpp_360video_replacement” in its SDP answer and shall perform content replacement.
If the ITT4RT-Tx client in terminal includes the attribute “a=3gpp_360video_replacement” in its SDP offer but does not receive the attribute in the SDP answer (that is, replacement is not supported in the ITT4RT-MRF) then the ITT4RT-Tx client in terminal may send the original presentation content using a different process than ITT4RT-MRF replacement (e.g., the presentation can be sent as an overlay as defined in clause Annex Y.6.4., or inserted into the 360-degree video by the ITT4RT-Tx client in terminal as described above).  
If the ITT4RT-MRF does not receive the attribute “a=3gpp_360video_replacement” in an SDP offer, it shall not perform any replacement and will not include the attribute in its SDP answer. 
When replacement is to be performed by the ITT4RT-MRF and the SDP negotiation is initiated by the ITT4RT-MRF, the offer sent by the ITT4RT-MRF to the ITT4RT-Tx client in terminal shall include the attribute “a=3gpp_360video_replacement”. If the ITT4RT-Tx client in terminal accepts the offer by the MRF to perform replacement, the ITT4RT-Tx client in terminal shall include the attribute “a=3gpp_360video_replacement” in the SDP answer and the ITT4RT-MRF shall perform content replacement. 
If the ITT4RT-MRF does not receive the attribute “a=3gpp_360video_replacement” in the SDP answer of the ITT4RT-Tx in terminal (i.e., the content captured in the 360-degree video cannot be replaced), the ITT4RT-MRF shall not perform any replacement.
If the ITT4RT-MRF does not support content replacement, it shall not include the attribute “a=3gpp_360video_replacement” in an SDP offer, it will not perform any replacement, and the ITT4RT-Tx client in terminal may send the original presentation content using a different process (e.g., the presentation can be sent as an overlay as defined in clause Annex Y.6.4, or inserted into the 360-degree video by the ITT4RT-Tx client in terminal as described above). In the case that the ITT4RT-MRF does not send the attribute “a=3gpp_360video_replacement” in an offer, the ITT4RT-Tx client in terminal shall not send the attribute “a=3gpp_360video_replacement” in an answer.
After an accepted offer/answer between ITT4RT-Tx in terminal and ITT4RT-MRF with both offer and answer including the attribute “a=3gpp_360video_replacement”, the ITT4RT-MRF shall perform content replacement once the original presentation content is available from the source of the content and the replacement configuration is determined. 
If the replacement configuration of the content is analysed and determined by the ITT4RT-Tx in terminal, the client shall include the configuration as sphere-relative overlay coordinates (defined in Annex Y.6.4.3.2) in the SDP offer/answer while negotiating the stream with the ITT4RT-MRF. If the sphere-relative overlay coordinates are not signalled in the SDP offer/answer by the ITT4RT-Tx, the ITT4RT-MRF shall analyse and determine an appropriate configuration for performing the content replacement in the 360-degree video.
[bookmark: _MCCTEMPBM_CRPT86942034___4]The ABNF syntax for the replacement attribute is as follows:
[bookmark: _MCCTEMPBM_CRPT86942035___6]att-field = “3gpp_360video_replacement”
att-value = [sphere_relative_overlay_config]
=============== End of the 3rd change ==============

============== Start of the 4th change ==============
[bookmark: _MCCTEMPBM_CRPT86942041___2]Y.6.5.2	360-degree fisheye video SDP attribute parameters
[bookmark: _MCCTEMPBM_CRPT86942042___4]Media-line level parameters are defined in order to aid session establishment between the ITT4RT-Tx and ITT4RT-Rx clients for 360-degree fisheye video, as well as to describe the fisheye video stream as identified by the 3gpp_fisheye attribute.
The syntax for the SDP attribute is:
[bookmark: _MCCTEMPBM_CRPT86942043___2]	a=3gpp_fisheye: <fisheye> <fisheye-img> <maxpack>
[bookmark: _MCCTEMPBM_CRPT86942044___4]
[bookmark: _MCCTEMPBM_CRPT86942045___2]-	Total number of fisheye circular videos at the capturing terminal.
	Depending on the camera configuration of the sending terminal, the 360-degree fisheye video may be comprised of multiple different fisheye circular videos, each captured through a different fisheye lens.
[bookmark: _MCCTEMPBM_CRPT86942046___2]-	<fisheye>: this parameter inside an SDP offer sent by an ITT4RT-Tx client indicates the total number of fisheye circular videos output by the camera configuration at the terminal.
[bookmark: _MCCTEMPBM_CRPT86942047___2]-	Fisheye circular video static parameters.
	In order to enable the quick selection of desired fisheye circular videos by the ITT4RT-Rx client during SDP negotiation, the following static parameters are defined for each fisheye circular video.  These parameters are defined from the video bitstream fisheye video information SEI  message as defined in ISO/IEC 23008-2 [119] and ISO/IEC 23090-2 [179].
[bookmark: _MCCTEMPBM_CRPT86942048___2]-	<fisheye-img> = <fisheye-img-1> … <fisheye-img-N>
-	<fisheye-img-X> = [<id-X> <azi> <ele> <til> <fov>] for 1 ≤ X ≤ N where:
[bookmark: _MCCTEMPBM_CRPT86942049___2]-	<id>: an identifier for the fisheye video.
-	<azi>, <ele>: azimuth and elevation indicating the spherical coordinates that correspond to the centre of the circular region that contains the fisheye video, in units of 2-16 degrees.  The values for azimuth shall be in the range of −180 * 216 (i.e., −11 796 480) to 180 * 216 − 1 (i.e., 11 796 479), inclusive, and the values for elevation shall be in the range of −90 * 216 (i.e., −5 898 240) to 90 * 216 (i.e., 5 898 240), inclusive.
-	<til>: tilt indicating the tilt angle of the sphere regions that corresponds to the fisheye video, in units of 2−16 degrees. The values for tilt shall be in the range of −180 * 216 (i.e., −11 796 480) to 180 * 216 − 1 (i.e., 11 796 479), inclusive.
-	<fov>: specifies the field of view of the lens that corresponds to the fisheye video in the coded picture, in units of 2−16 degrees.  The field of view shall be in the range of 0 to 360 * 216 (i.e., 23 592 960), inclusive.
[bookmark: _MCCTEMPBM_CRPT86942050___2]-	Stream packing of fisheye circular videos
	Depending on the terminal device capabilities and bandwidth availability, the packing of fisheye circular videos within the stream can be negotiated between the sending and receiving terminals.
[bookmark: _MCCTEMPBM_CRPT86942051___2]-	<maxpack>: this parameter inside an SDP offer indicates the maximum supported number of fisheye videos which can be packed into the video stream by the ITT4RT-Tx client. The value of this parameter inside an SDP answer indicates the number of fisheye videos to be packed, as selected by the ITT4RT-Rx client.
[bookmark: _MCCTEMPBM_CRPT86942052___4]The ABNF syntax for this attribute is the following:
[bookmark: _MCCTEMPBM_CRPT86942053___2]att-field	= “3gpp_fisheye” 
att-value = [SP fisheye] SP fisheye-img SP maxpack


fisheye	= pos-integer

fisheye-img	= 	1*fisheye-img-X
fisheye-img-X	 = 	"[" "id=" idvalue "," "azi=" azivalue "," "ele=" elevalue "," "til=" tilvalue
 "," "fov=" fovvalue "]"
;sub-rules for fisheye-img-X
idvalue	= 		byte-string		; byte-string defined by RFC 4566
azivalue =		degminus180to180
azivalue	= "0"
			/ ["-"] POS-DIGIT *6DIGIT
			/ ["-"] "10" 6DIGIT
			/ ["-"] "11" ("0"/"1"/"2"/"3"/"4"/"5"/"6") 5DIGIT
			/ ["-"] "117" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7"/"8") 4DIGIT
			/ ["-"] "1179" ("0"/"1"/"2"/"3"/"4"/"5") 3DIGIT
			/ ["-"] "11796" ("0"/"1"/"2"/"3") 2DIGIT
			/ ["-"] "117964" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7") 1DIGIT
			/ "-11796480"
				; -11 796 480 to 11 796 479, inclusive
elevalue =		degminus90to90
elevalue	= "0"
			/ ["-"] POS-DIGIT *5DIGIT
			/ ["-"] ("1"/"2"/"3"/"4") 6DIGIT
			/ ["-"] "5" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7") 5DIGIT
			/ ["-"] "58" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7"/"8") 4DIGIT
			/ ["-"] "589" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7") 3DIGIT
			/ ["-"] "5898" ("0"/"1") 2DIGIT
			/ ["-"] "58982" ("0"/"1"/"2"/"3") DIGIT
			/ ["-"] "5898240"
				; -5 898 240 to 5 898 240, inclusive

tilvalue 	= 		degminus180to180azivalue
				; -11 796 480 to 11 796 479, inclusive
fovvalue =		deg0to360
fovvalue	= "0"
				/ POS-DIGIT *6DIGIT
			/ "1" 7DIGIT
			/ "2" ("0"/"1"/"2") 6DIGIT
			/ "23" ("0"/"1"/"2"/"3"/"4") 5DIGIT
			/ "235" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7"/"8") 4DIGIT
			/ "2359" ("0"/"1") 3DIGIT
			/ "23592" ("0"/"1"/"2"/"3"/"4"/"5"/"6"/"7"/"8") 2DIGIT
			/ "235929" ("0"/"1"/"2"/"3"/"4"/"5") DIGIT
			/ "23592960"
					; 0 to 23 592 960, inclusive

maxpack	= pos-integer

;pos-integer, degminus180to180, degminus90to90 and deg0to360 are from Y.6.2.1
POS-DIGIT	= %x31-39		; 1-9
integer	= POS-DIGIT *DIGIT

An example SDP offer is shown in table Y.6.5.2-1A.
[bookmark: _MCCTEMPBM_CRPT86942055___4]Table Y.6.5.2-1: Example SDP offer with 360-degree fisheye video attribute parameters
	SDP offer

	[bookmark: _MCCTEMPBM_CRPT86942056___2]m=video 49154 RTP/AVP 99
a=tcap:1 RTP/AVPF
a=pcfg:1 t=1
b=AS:10000
b=RS:0
b=RR:2500
a=rtpmap:99 H265/90000
a=fmtp:99 profile-id=1; level-id=93;
a=3gpp_fisheye: 2 [id=1,azi=0,ele=0,til=0,fov=11796480] [id=2,azi=11796479,ele=0,til=0,fov=11796480] 2

a=sendonly


[bookmark: _MCCTEMPBM_CRPT86942057___4]
As an example, a receiving terminal which only receives 360-degree fisheye video (and possibly sends a 2D video to the sender) replies with an SDP answer containing only the selected fisheye videos equal to the number as selected by the value of maxpack in the corresponding m-line, which is set to recvonly.
=============== End of the 4th change ==============

============== Start of the 5th change ==============

[bookmark: _Toc123571522][bookmark: _MCCTEMPBM_CRPT86942060___2]Y.6.6	Camera Calibration for Network-based Stitching
[bookmark: _MCCTEMPBM_CRPT86942061___7]Network-based stitching in the context of ITT4RT refers to generation of 360-degree videos in the ITT4RT MRF based on 2D video captures received from MTSI clients. This clause describes SDP-based signalling of camera calibration parameters for this purpose using the a=3gpp-camera-calibration attribute and SDP-based grouping of the corresponding 2D video captures using the a=stitch_group attribute. 
The SDP syntax for a=3gpp-camera-calibration is defined with the following semantics (detailed ABNF presented at the end of the clause):
[bookmark: _MCCTEMPBM_CRPT86942062___2]3gpp-camera-calibration = "a=3gpp-camera-calibration:" [SP "Param 1" SP "Param 2" SP ……. SP "Param K"]
[bookmark: _MCCTEMPBM_CRPT86942063___2]
	where “Param 1”, …. , “Param K” express the set of intrinsic and extrinsic camera parameters as specified below.
[bookmark: _MCCTEMPBM_CRPT86942065___7]If the ITT4RT-Tx client in the ITT4RT MRF intends to perform network-based stitching to generate 360-degree video from a particular set of 2D video captures received from an MTSI sender, it shall use the SDP session-level attribute a=stitch_group before any media lines that correspond to the particular 2D video captures during the SDP negotiation of the corresponding media. Likewise, an MTSI sender capable of capturing 2D videos for 360-degree video generation shall use the session-level a=stitch_group attribute in the SDP before any media lines that correspond to the particular 2D video captures. The a=stitch_group attribute is used to group the corresponding to-be-stitched 2D video captures using the mid attribute as defined according to the ABNF below:  
[bookmark: _MCCTEMPBM_CRPT86942066___2]	a = stitch_group: <mid1> SP <mid2> SP <mid3> …	att-field =	"stitch_group" 
	att-value =	mid *[SP mid]
	mid = 		token
				; token is defined in RFC 4566


[bookmark: _MCCTEMPBM_CRPT86942067___7]The mid attribute with the appropriate value as defined in the other parts of the SDP shall be included in the media description for the relevant 2D video captures when the a=stitch_group attribute is used. Furthermore, for each of these 2D video captures, the MTSI sender shall also include the SDP attribute 3gpp-camera-calibration in the SDP under the relevant m= line for that particular video to signal the relevant camera calibration information. The order of the media included in the a=stitch_group indicates the synchronization source with the first media always being the synchronization anchor when synchronization is required.
More specifically, detailed camera calibration parameters based on ISO/IEC 23008-2 [3] are provided as follows, considering the multi-view acquisition information SEI message for HEVC. With these specifications, a 3-dimensional world point, wP = [ x y z ] is mapped to a 2-dimensional camera point, cP[ i ] = [ u v 1 ], for the i-th camera according to:
[bookmark: _MCCTEMPBM_CRPT86942068___2]	s * cP[ i ] = A[ i ] * R−1[ i ] * ( wP − T[ i ] )	(eqn. Y.6.6.1)	
	where A[ i ] denotes the intrinsic camera parameter matrix, R−1[ i ] denotes the inverse of the rotation matrix R[ i ], T[ i ] denotes the translation vector, and s (a scalar value) is an arbitrary scale factor chosen to make the third coordinate of cP[ i ] equal to 1. 
Equation Y.65.6.1 can be extended to incorporate the entrance pupil variation to correct the incidence ray of  cP[ i ] = [ u v 1 ] such that it always passes through the camera optical center, thereby removing distortion. The resulting entrance pupil coefficients E[i] may be incorporated into Equation Y.6.6.1 as
	s * cP[ i ] = A[ i ] * R−1[ i ] * ( (wP + E) − T[ i ] )	(eqn. Y.6.6.2)
[bookmark: _MCCTEMPBM_CRPT86942069___7]	where wP + E[i]) = [ x y z+E ], E = e1* 𝞡3 + e2* 𝞡5 + e3* 𝞡7 + e4* 𝞡9, 𝞡 is the incidence angle pertaining to each ray formed by the pixel cP[ i ] = [ u v 1 ], and [e1, e2, e3, e4] are entrance pupil coefficients. In addition, the accuracy of these entrance pupil parameters have an influence of the accuracy of estimated extrinsic parameters and thus improve the future imaging tasks. If not available, vector E is considered as 0 and a fallback to eqn. Y.6.6.1 is expected.
Accordingly, the following intrinsic camera parameters can be signalled in the SDP for each 2D video capture using the a=3gpp-camera-calibration attribute:
focalLengthX[ i ] specifies the focal length of the i-th camera in the horizontal direction as a signed floating-point number. 
focalLengthY[ i ] specifies the focal length of the i-th camera in the vertical direction as a signed floating-point number. 
principalPointX[ i ] specifies the principal point of the i-th camera in the horizontal direction as a signed floating-point number. 
principalPointY[ i ] specifies the principal point of the i-th camera in the vertical direction as a signed floating-point number. 
skewFactor[ i ] specifies the skew factor of the i-th camera as a signed floating-point number. 
The intrinsic matrix A[ i ] for i-th camera is represented by:
	[image: ]
It is possible that the intrinsic camera parameters are equal for all of the cameras. In that case, only one set of values based on the above parameters would need to be signalled, e.g., via SDP signalling at the session level.
Furthermore, the following extrinsic camera parameters can be signalled in the SDP for each camera as per ISO/IEC 23008-2 [3]:
	rE[ i ][ j ][ k ] specifies the ( j, k ) component of the rotation matrix for the i-th camera as a signed floating-point number. 
The rotation matrix R[ i ] for i-th camera is represented as follows:

	
	tE[ i ][ j ] specifies the j-th component of the translation vector for the i-th camera as a signed floating-point number. 
The translation vector T[ i ] for the i-th camera is represented by:

[bookmark: _MON_1716911078]	
For the i-th camera, E[ i ][ j ] specifies the j-th component of the entrance pupil coefficient [e1, e2, e3, e4] where j=1,…4. The parameters are represented as a signed floating-point number, as per eqn (2) above. 
[bookmark: _MCCTEMPBM_CRPT86942072___7]The syntax for the "a=3gpp-camera-calibration" attribute shall conform to the following ABNF:
	att-field =		"3gpp-camera-calibration" = "3gpp-camera-calibration:" 
att-value =	PT 1*WSP attr-list 

	PT = 		1*DIGIT / "*"
	attr-list = 	( set *(1*WSP set) ) / "*"
			;  WSP and DIGIT defined in [RFC5234]
;sub-rules for set
	set = 	"[" "focalLengthX=" sfloatvalue "," "focalLengthY=" sfloatvalue "," 
	",skewFactor=" sfloatvalue "," "principalPointX=" sfloatvalue "," 
	",principalPointY=" sfloatvalue ",rotation00=" sfloatvalue 
	",rotation01=" sfloatvalue ",rotation02=" sfloatvalue ",rotation10=" 
	sfloatvalue ",rotation11=" sfloatvalue ",rotation12=" sfloatvalue 
	",rotation20=" sfloatvalue ",rotation21=" sfloatvalue ",rotation22=" 
	sfloatvalue ",translation0=" sfloatvalue ",translation1="
 	sfloatvalue ",translation2=" sfloatvalue ",epupil1=" sfloatvalue 
	",epupil2=" sfloatvalue ",epupil3=" sfloatvalue "“,epupil4=" 
	sfloatvalue "]"

	sfloatvalue = 	[sign] sizevalue ["." 6*DIGIT] 
	sign = 	"-" 
	sizevalue = 	POS-DIGITonetonine *5DIGIT
		; POS-DIGIT is defined in Y.6.2.1
	; Digit between 1 and 9 that is
	; followed by 0 to 5 other digits
	onetonine = "1" / "2" / "3" / "4" / "5" / "6" / "7" / "8" / "9"
	; Digit between 1 and 9
=============== End of the 5th change ==============

================ End of the changes ===============
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