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Introduction
This contribution reports on how the split rendering candidate solution for IVAS Codec by the IVAS Codec Public Collaboration complies with the design constraints defined for ISAR phase 1/track a solutions. The design constraints are specified in TR 26.865 clauses 6 (Physical Design Constraints) and 7 (Functional Design Constraints). Reference is made to these.
lists the provided selection deliverables associated with the selection of the split rendering candidate solution for IVAS Codec by the IVAS Codec PC. 
[bookmark: _Toc157334675]CMD lines used for complexity and memory measurements
This section provides the command lines of the IVAS/ISAR candidate solution executables used for the complexity and memory measurements. The command lines also show the used test vectors, defined under the IVAS codec work. The measurements were done by using the ITU-T WMC Tool also used for IVAS codec complexity and memory measurements by the IVAS codec PC.

	
	HOA3 + LCLD
	MC714 + LC3plus
	ISM + LC3plus
	MASA + LCLD

	IVAS ENC
	./IVAS_cod -sba 3 512000 48 ../testv/stv3OA48c.wav enc_out.pkt
	./IVAS_cod -mc 7_1_4 512000 48 ../testv/stv714MC48c.wav enc_out_mc.pkt
	./IVAS_cod -ism 4 .. /testv/stvISM1.csv .. /testv/stvISM2.csv .. /testv/stvISM3.csv .. /testv/stvISM4.csv 512000 48 .. /testv/stv4ISM48s.wav enc_out_ism4.pkt
	./IVAS_cod -masa 2 .. /testv/stv2MASA2TC48c.met 512000 48 .. /testv/stv2MASA2TC48c.wav enc_out_masa.pkt

	IVAS DEC
	./IVAS_dec -render_config rc.txt -t ../trajectories/full_circle_in_15s_delayed.csv BINAURAL_SPLIT_CODED 48 enc_out.pkt split_out_sba_lcld_20ms.pkt



Rc.txt:
[SPLITREND]
BITRATE = 768000;
DOF = 3;
HQMODE = 1;
	./IVAS_dec -render_config rc.txt -t ../trajectories/full_circle_in_15s_delayed.csv BINAURAL_SPLIT_CODED 48 enc_out_mc.pkt split_out_mc_lc3plus_20ms.pkt



Rc.txt:
[SPLITREND]
BITRATE = 768000;
DOF = 3;
HQMODE = 1;
	./IVAS_dec -render_config ./Rc.txt -t .. /trajectories/full_circle_in_15s_delayed.csv BINAURAL_SPLIT_CODED 48 enc_out_ism4.pkt split_out_ism4_lc3plus_20ms.pkt


Rc.txt:
[SPLITREND]
BITRATE = 768000;
DOF = 3;
HQMODE = 1;
	./IVAS_dec -render_config ./Rc.txt -t .. /trajectories/full_circle_in_15s_delayed.csv BINAURAL_SPLIT_CODED 48 enc_out_masa.pkt split_out_masa_lcld_20ms.pkt


Rc.txt:
[SPLITREND]
BITRATE = 768000;
DOF = 3;
HQMODE = 1;

	ISAR POST REND
	./ISAR_post_rend -if BINAURAL_SPLIT_CODED -i split_out_sba_lcld_20ms.pkt -o split_out_sba_lcld_20ms_out.wav -fs 48 -t ../trajectories/full_circle_in_15s.csv
	./ISAR_post_rend -if BINAURAL_SPLIT_CODED -i split_out_mc_lc3plus_20ms.pkt -o split_out_mc_lc3plus_20ms_out.wav -fs 48 -t ../trajectories/full_circle_in_15s.csv
	./ISAR_post_rend -if BINAURAL_SPLIT_CODED -i split_out_ism4_lc3plus_20ms.pkt -o split_out_ism4_lc3plus_20ms_out.wav -fs 48 -t .. /trajectories/full_circle_in_15s.csv
	./ISAR_post_rend -if BINAURAL_SPLIT_CODED -i split_out_masa_lcld_20ms.pkt -o split_out_masa_lcld_20ms_out.wav -fs 48 -t .. /trajectories/full_circle_in_15s.csv



Physical design constraints applicable for IVAS split rendering scenarios
The following physical design constraints apply for split rendering solutions involving the IVAS codec:
	Physical attribute
	Constraint
	Values based on “isar_selection_branch”

	Complexity of operation in end-rendering lightweight device
	The complexity of operation in end-rendering lightweight device shall not exceed 80+(DOF*20) wMOPS.

0DOF: 80
1DOF: 100
2DOF: 120
3DOF: 140

	3DOF (with LC3plus): max 73.66, avg 70.7
3DOF (with LCLD): max 60.96, avg 51.41


	Complexity of operation at capable device/node
	The complexity of operation at pre-rendering device/node shall be characterized.
	IVAS decoder + 3DOF split pre-rendering with LC3plus (MC714): max 1063.97, avg 1037.15
IVAS decoder + 3DOF split pre-rendering with LC3plus (ISM4): max 864.88, avg 854.2
IVAS decoder + 3DOF split pre-rendering with LCLD (HOA3): max 925.5, avg 837.0
IVAS decoder + 3DOF split pre-rendering with LCLD (MASA2): max 662.12, avg 653.06 


	Memory footprint of operation in end-rendering lightweight device
	The RAM consumption shall not exceed 100+(DOF*50) kWords.
0DOF: 100 kWords
1DOF: 150 kWords
2DOF: 200 kWords
3DOF: 250 kWords


The ROM (PROM and table ROM) shall not exceed 150 kWords.



	(word = 4 Bytes)
RAM (heap + stack): 
3DOF (with LC3plus): 67.51 kWords 
3DOF (with LCLD): 67.87 kWords 

PROM (lc3plus + lib_isar + lcld): 20.04  kWords

TROM (lc3plus + lib_isar + lcld): 42.14  kWords



	Memory footprint of operation at pre-rendering device/node
	The memory footprint of operation at pre-rendering device/node shall be characterized.
	RAM:
IVAS decoder + 3DOF split pre-rendering with LC3plus (MC714): 586.751 kWords
IVAS decoder + 3DOF split pre-rendering with LC3plus (ISM4): 393.24 kWords
IVAS decoder + 3DOF split pre-rendering with LCLD (HOA3): 467.63 kWords
IVAS decoder + 3DOF split pre-rendering with LCLD (MASA2): 290.39 kWords

PROM (lib_com + lib_dec + lib_rend):172.6 kWords
TROM (lib_com + lib_dec + lib_rend):156.4 kWords


	Algorithmic motion-to-sound latency in head-tracked rendering operation
	0-DOF: no constraint
1-DOF: 30 ms for rotations around corrected axis (in post rendering), for other axes no constraints
2-DOF: 30 ms for rotations around corrected axes (in post rendering), for the remaining axis no constraint
3-DOF: 30 ms for rotations around all axes (in post rendering) 
	2.5ms <= Algorithmic motion-to-sound latency <= 22.5 ms 

	Algorithmic audio delay
	The total algorithmic end-to-end audio delay including IVAS algorithmic delay shall not exceed 50 ms.

		
	LC3plus
	LCLD
	DOF

	SBA@512kbps
	38+5+2.5 = 45.5ms
	38ms
	3

	MC714@512kbps
	32+5+2.5 = 39.5ms
	32+5 = 37ms
	3

	ISM@512kbps
	32+5+2.5 = 39.5ms
	32+5 = 37ms
	3

	MASA@512kbps
	38+5+2.5 = 45.5ms
	38ms
	3

	OMASA@512kbps
	38+5+2.5 = 45.5ms
	38ms
	3

	OSBA@512kbps
	38+5+2.5 = 45.5ms
	38ms
	3




	
	LC3plus
	LCLD
	DOF

	SBA@512kbps
	38+2.5 = 40.5ms
	38ms
	0

	MC714@512kbps
	32+2.5 = 34.5ms
	32+5 = 37ms
	0

	ISM@512kbps
	32+2.5 = 34.5ms
	32+5 = 37ms
	0

	MASA@512kbps
	38+2.5 = 40.5ms
	38ms
	0

	OMASA@512kbps
	38+2.5 = 40.5ms
	38ms
	0

	OSBA@512kbps
	38+2.5 = 40.5ms
	38ms
	0



NOTE: The additional delay for 1-3DOF on top of IVAS is 5ms for pose correction with LCLD coding, 7.5ms (5+2.5ms) for pose correction and LC3plus coding. The additional delay on top of IVAS for 0-DOF operation is 2.5ms for LC3plus coding and 0 or, respectively, 5ms for LCLD coding. In case of pre-rendering in CLDFB domain additional delay by LCLD coding can be circumvented.

	Bit rate of coded intermediate representation
	The Split Rendering solution should offer 3-DOF operation at multiple bit rates with rate switching support and shall at least offer operation at 768 kbps.
For 3-DOF operation, 384 kbps and 512 kbps should be offered in addition to the required 768 kbps.
For 1-DOF operation, 256 kbps should be offered.
For 0-DOF operation, 256 kbps and even lower bit rates should be offered.
For cases with high transmission channel capacities, high bit rate operation modes > 768 kbps may be offered if QoE gains can be demonstrated. 
		DOF
	Bitrates supported (kbps)

	0
	256, 384, 512

	1
	384, 512, 768

	2
	384, 512, 768

	3
	384, 512, 768






[bookmark: _Toc157334678][bookmark: _Hlk150248891]Functional design constraints applicable for IVAS split rendering scenarios
The following functional design constraints apply for split rendering solutions involving the IVAS codec:
	[bookmark: _Hlk147490051]Functional attribute
	Constraint
	

	Immersive audio formats of native coding format 
	All required immersive IVAS encoder input formats according to Pdoc IVAS-4 shall be supported.
IVAS stereo input format should be supported for 0-DOF operation.
 
	SBA: Done
MC: Done
ISM: Done
MASA: Done
OSBA: Done
OMASA: Done
Stereo: Not done

	Bit rates of required immersive audio coding modes of native coding format 
	All required bit rates of IVAS immersive operation modes according to Pdoc IVAS-4 shall be supported. 
All IVAS stereo bit rates should be supported for 0-DOF operation.
	All bitrates supported for immersive formats

Stereo: Not done

	Head-trackability of immersive audio formats
	The head-trackability of the immersive audio formats of the native coding format shall be retained. Preservation of the DOF level is the objective, reduced DOF levels may be provided. 
Note: an audio format supported by the native coding system may be 3-DOF head-trackable, i.e., around 3 axes (yaw, pitch, roll). The Split Rendering system should retain this possibility. Complexity or bit rate reduced variants may though reduce this to lower DOF levels like yaw-only correction (1-DOF).
	Done

	[bookmark: _Hlk143098170]Packet loss concealment (PLC)
	A PLC solution shall be provided.

	Done

	Non-diegetic audio support
	The solution shall support (1DOF – 3DOF) diegetic audio and (0-DOF) one-channel non-diegetic audio  and two-channel (stereo or binaural) non-diegetic audio.
It shall be possible to overlay post rendered audio obtained from instances operated with diegetic and non-diegetic audio.
	Done




Conclusion
The comparative evaluation of the properties of the split rendering candidate solution for IVAS Codec by the IVAS Codec Public Collaboration shows that all design constraints defined in TR 26.865 are met.
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