3GPP TSG RAN WG1 Meeting #95			R1-1813238
[bookmark: _GoBack]Spokane, USA, November 12th – 16th, 2018  

Agenda Item:	7.2.6.4
Source:	InterDigital Inc.
Title:	Preliminary performance evaluations for AR-VR
Document for:	Discussion and Decision
Introduction
In RAN1 meeting #94bis [2], there were agreements related to simulation assumptions for URLLC, including AR/VR applications and the following parameters were agreed for the evaluation of AR/VR use case:
Agreements:
· Take the following table as the table of representative use cases for selection for Rel-16 NR URLLC evaluation.
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Data packet size  and traffic model
	Description 

	Rel-15 enabled use case (e.g. AR/VR)  
	99.999 
	1ms (air interface delay) for 32 bytes

1 ms and 4 ms (air interface delay) for 200 bytes 
	DL & UL:
32 and 200 bytes 

FTP model 3 or periodic with different arrival rates
	

	
	[bookmark: _Hlk528918495]99.9
	7ms (air interface delay)
	DL & UL:
4096, 10 K
FTP model 3 or periodic with different arrival rates
	


· Note: The above packet size already includes header overhead.

In this document, we present simulation results for performance of NR URLLC for AR/VR applications. 
Discussion
In TS 22.261 “Service requirements for the 5G system”, SA has defined the high-level requirements for AR/VR applications. According to this document, to support VR environments with low motion-to-photon capabilities, the 5G system shall support:
· motion-to-photon latency in the range of 7-15ms while maintaining the required user data rate of [1Gbps] and
· motion-to-sound delay of [<20ms].
Noting that the motion-to-photon latency is defined as the latency between the physical movement of a user's head and the updated picture in the VR headset and the motion-to-sound latency is the latency between the physical movement of a user's head and updated sound waves from a head mounted speaker reaching their ears. In RAN1 meeting #94bis, it was agreed that, for evaluation of AR/VR, large packet sizes in the range of 4k & 10k bytes to be considered. To transmit a 10k packet in one TB assuming a robust MCS (e.g., QPSK modulation with the ½ rate channel code) while trying to meet 99.9% reliability requires roughly 512 RBs for baseline numerology of 15kHz SCS. However, according to TS 38.104, the maximum number of RBs supported for the baseline numerology of 15kHz SCS is 270 which is corresponding to 50MHz BW. Since the current NR design cannot support 10k TB size with the above assumptions, the 10k packet should be split to multiple TBs using higher layer segmentation and transmitted on different carriers in the case of carrier aggregation or consecutively in time over multiple slots within the 7 msec air interface latency budget. Accordingly, in this contribution, we just evaluate the 4k packet size.

Based on the above discussion, assuming that a 10k packet can reliably be transmitted over 100MHz BW in FR1 over 1 msec, the maximum data rate will be around 80 Mbps which is much lower than the required 1 Gbps user data rate defined by SA and also needed to deliver high quality video experiences with the VR360 (See Table 1). Nevertheless, assuming two 100MHz BW carriers, two 10k packets can be supported which will be sufficient to support 8K UHD in FR1. In conclusion, a high quality VR360 experience with 1 Gbps user data rate can only be supported with very large bandwidths in FR2 but the real challenge would be meeting the 99.9% reliability in the higher bands.

[bookmark: _Ref528933971]Table 1: Typical data rate requirements for VR360 using various video formats 
	Video Format
	Spatial Resolution
(Pixels/Frame)
	Frame
rate
	Typical Bitrates
(Mbps)

	HD
	1920x1080 (~2MP)
	60
	7-10

	4K UHD 
	3840x2160 (~8MP)
	60
	12-25

	8K UHD
	7680x4320 (~32MP)
	60
	112-160

	VR360
	21600x10800 (~233MP)
	60
	800-1100



System-level simulations results
The assumptions for system-level simulations are shown in the Appendix. Based on these assumptions (which are based on the agreements in RAN1 #94bis), the system-level simulation results for Indoor and Macro are shown in Figure 1 and Figure 2 , respectively. 
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[bookmark: _Ref528943979]Figure 1. System-level simulation results for Indoor
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[bookmark: _Ref528943994]Figure 2. System-level simulation results for Macro

Based on these simulation results, the 5 percentile SINR is listed in Table 2.



Table 2. 5 percentile SINR for UL and DL in two cases of Macro and Indoor.
	Configuration 
	5 percentile SINR

	UL, Indoor
	-10 dB

	DL, Indoor
	-2 dB

	UL, Macro
	-22 dB

	DL, Macro
	-2 dB




1 Link-level simulations results
The performance of NR URLLC for AR/VR with packet size of 4096, with 1 to 4 transmissions (0 to 3 retransmissions) is presented in Figure 3. As can be seen from the simulation results, for the case of 4096-byte packets, one shot transmission achieves the required reliability of 99.9% at around 0dB. For DL, one retransmission is enough to lower the required SNR to less than -4 dB, which satisfies the 5-percentile coverage for both cases of Indoor and Macro. It should be noted that for this case, based on the agreed simulation assumptions, the air interface latency is supposed to be limited by 7ms, hence, 1-3 retransmissions still satisfy the latency limits.
However, for UL, where the 5 percentile SINR is -22dB and -10dB for Macro and Indoor, respectively, even 4 transmissions (3 retransmissions) cannot satisfy the URLLC reliability requirement of 99.9%. This can be attributed to the fact that the entire bandwidth in UL is used and the UE is power limited.

Observation 1: For the case of DL 4096-bye packet sizes, NR is able to satisfy the air interface latency limit of 7ms and reliability of 99.9%, assuming 40MHz bandwidth.
Observation 2: For the case of UL 4096-bye packet sizes, meeting the URLLC reliability requirement is challenging (it requires more than 4 transmissions).
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[bookmark: _Ref528936815]Figure 3. Performance of PDSCH/PUSCH for AR/VR with packet size of 4096 bytes


Summary

[bookmark: _Ref455734493][bookmark: _Ref434502751][bookmark: _Ref419296613][bookmark: _Ref434227915][bookmark: _Ref434501473]In this contribution, simulations results for performance of URLLC for AR/VR applications was presented. The following observations and proposals were made:
Observation 1: For the case of 4096-bye packet sizes, NR is able to satisfy the air interface latency limit of 7ms and reliability of 99.9%, assuming 40MHz bandwidth.
Observation 2: For the case of UL 4096-bye packet sizes, meeting the URLLC reliability requirement is challenging (it requires more than 4 transmissions).
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Appendix: Simulation assumptions 

[bookmark: _Ref521679024]Table A1. Outdoor system-level evaluation parameters
	Parameters
	Value

	Carrier frequency for evaluation
	4 GHz

	BS antenna height
	25 m

	Total transmit power per TRxP
	46 dBm

	UE power class
	23 dBm

	min UE power
	-40 dBm

	Percentage of high loss and low loss building type 
	100% low loss (applies to Channel model B)

	Inter-site distance
	500 m

	Number of antenna elements per TRxP
	64 Tx/Rx, (M,N,P,Mg,Ng) = (8,4,2,1,1), 
(dH,dV) = (0.5, 0.8)λ
+45°, -45° polarization

	Number of UE antenna elements 
	2 Tx/Rx, (M,N,P,Mg,Ng) = (1,1,2,1,1)
0°, 90° polarization

	Device deployment
	80% outdoor, 20% indoor

	UE speeds of interest
	3 km/h for indoor and 30 km/h for outdoor

	BS noise figure
	5 dB

	UE noise figure
	7 dB

	Thermal noise level
	-174 dBm/Hz

	Simulation bandwidth
	40 MHz

	UE density
	10 UEs per TRxP

	UE antenna height
	1.5 m

	Channel model variant
	Channel model B, IMT-2020 Urban Macro

	Electronic tilt
	99° for DL, 98° for UL

	Minimum distance of TRxP and UE
	10 m 

	Traffic model               
	Full buffer

	UL power control          
	Alpha = 1, P0 = -116.44 dBm

	UE allocation BW for UL
	Full BW allocation




Table A2. Indoor system-level evaluation parameters
	Parameters
	Value

	Carrier frequency for evaluation
	4 GHz

	BS antenna height
	25 m

	Total transmit power per TRxP
	46 dBm

	UE power class
	23 dBm

	min UE power
	-40 dBm

	Number of antenna elements per TRxP
	64 Tx/Rx, (M,N,P,Mg,Ng) = (8,4,2,1,1), 
(dH,dV) = (0.5, 0.8)λ
+45°, -45° polarization

	Number of UE antenna elements 
	2 Tx/Rx, (M,N,P,Mg,Ng) = (1,1,2,1,1)
0°, 90° polarization

	BS noise figure
	5 dB

	UE noise figure
	7 dB

	Thermal noise level
	-174 dBm/Hz

	Simulation bandwidth
	40 MHz

	UE antenna height
	1 m

	Channel model variant
	Indoor open office

	Electronic tilt
	110°

	Traffic model               
	Full buffer

	UL power control          
	Alpha = 1, P0 = -116.44 dBm

	UE allocation BW for UL
	Full BW allocation





[bookmark: _Ref528936328][bookmark: _Hlk527985997]Table A3. Assumptions for the link-level simulations.
	[bookmark: _Hlk527984139]Configuration Parameters
	URLLC configuration A

	Carrier frequency
	4 GHz

	Channel model
	TDL-C with 300ns delay spread

	Bandwidth
	40 MHz 

	Subcarrier spacing
	15 kHz

	Antenna setting 
	PUSCH/PDSCH    2TX, 4RX

	Tx diversity
	Rank 1 (fixed precoding)

	Speed
	3km/h

	Channel estimation
	Practical: 1os DMRS type 1

	Frequency allocation
	Full BW allocation

	Time allocation
	type A

	PDCCH
	Polar codes, 40b payload excl. CRC. 
AL16, 1 OFDM Sym, 20MHz

	Data
	LDPC, QPSK, 4096 BYTES 
Repetition (RV Seq = [0 2 3 1])
MCS 13 (QPSK, CR ~ 0.5)
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