


[bookmark: _Toc193024528]3GPP TSG RAN WG1 #96bis		R1-1905343
Xi’an, China, 8th – 12th April, 2019
Title: 	Simulation of mode 2 resource allocation schemes
Source: 	ZTE, Sanechips
Agenda item:	7.2.4.2.3
Document for:	Discussion and decision
Introduction
In NR V2X, it is agreed that mode 2 supports sensing and resource (re)-selection procedures [1].  For mode 2 sidelink resource scheme, UE conducts sensing and selecting sidelink resources in assigned mode 2 resource pool.  A general scheme for sensing is based on slot and sub-channel in time domain and frequency domain.  Another scheme, TFRP (time and frequency resources pattern) scheme proposes to use a pre-defined resource pattern as sidelink resource grid in sensing and selecting process.  
In this contribution, some simulation results are presented to compare performance of the two schemes. 
Simulation
Simulation assumption
The traffic models used in simulation are from [2] and [3] where both periodic and aperiodic services are supported.  For aperiodic traffic, two detail traffic models are considered in evaluation as defined in following table [2].  It can be seen that the packet size and the inter-packet arrival time vary in a large range. 
	Aperiodic traffic
-	Model 1 (medium traffic intensity)
-	Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
-	Packet size: Uniformly random in the range between 200 bytes and 2000 bytes with the quantization step of 200 bytes
-	Latency requirement: 50 ms
-	Model 2 (high traffic intensity)
-	Inter-packet arrival time: 10 ms + an exponential random variable with the mean of 10 ms
-	Packet size: Uniformly random in the range between 10000 bytes and 30000 bytes with the quantization step of 4000 bytes
-	Latency requirement: 10 ms


In this contribution, the following two schemes of mode 2 resource sensing and selecting are analyzed and compared. Details of these schemes can be found in our contribution [4].
· Scheme 1:  Slot and sub-channel based sidelink resource grid;
· Scheme 2:  TFRP based sidelink resource grid;
For scheme 1, UE using slot and sub-channel as sidelink resource grid.  For scheme 2, four cases of TFRP pattern division are used as examples in simulation, details are as following: 
· Case 1:  4 channels in frequency domain and 5 slots in time domain as a TFRP unit;
· Case 2:  4 channels in frequency domain and 10 slots in time domain as a TFRP unit;
· Case 3:  8 channels in frequency domain and 5 slots in time domain as a TFRP unit;
· Case 4:  8 channels in frequency domain and 10 slots in time domain as a TFRP unit;
As shown in Figure 1, using scheme 1, UE can determine proper number of sub-channels according to the packet size and transmit the data packet on the selected sub-channels in one slot.  On the other hand, when TFRP is pre-defined, i.e. one pattern resource includes one slot in time domain and one channel in frequency domain (Case 1, 4 channels are divided within sidelink bandwidth and TFRP unit is defined within 5 slots), UE should transmit its data packet using one pattern resource, i.e. with a fixed number of frequency resource. 
[image: TFRP pattern 4V5]
[bookmark: _Ref15752]Figure 1 An example for scheme 1 and scheme 2 Case 1
In the simulation, both scheme 1 and scheme 2 use the same sensing and selecting metric, the only difference of the two schemes is the resource gird as mentioned above.  The details of simulation assumption are listed in appendix. 
Simulation result
For broadcast services, the simulation results of aperiodic traffic performance are shown in Figure 2 and Figure 3. 
[image: ]
[bookmark: _Ref13943]Figure 2  PRR of mode 2 schemes, freeway, 6GHz,15 KHz SCS
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[bookmark: _Ref13979][bookmark: _GoBack]Figure 3 PRR of mode 2 schemes, freeway, 6GHz, 30 KHz SCS
According to above simulation results, comparing to TFRP based resource scheme(scheme 2), slot and sub-channel based scheme(scheme 1) has better performance for aperiodic traffics. The main reason is that the packet sizes of aperiodic traffic are various, UE can choose proper number of sub-channels to carry the data packet by using scheme 1.  On the other hand, TFRP based scheme defines fixed resource grid in frequency domain which cannot adapt to diverse sizes of aperiodic data packets. Therefore, TFRP based resource scheme (scheme 2) has limitations on resource selection in mode 2.  
The pattern resource is independently selected for each data packet transmitting in above simulation results. It reflects the difference between scheme 1 and scheme 2 which is caused by frequency resource flexibility.  In fact, besides packet size mismatching, another problem of TFRP scheme is it assumes that the selected pattern resource can be used for a long duration so less sensing and collision may be obtained.  However, when the selected pattern resource is used for more data packets, it may further deteriorate the resource adaptation between the selected pattern resource and the arriving data packets, as the inter-data arriving time are various while the pattern resource is fixed in time domain. 
Observation 1:  [bookmark: _Ref3820]Scheme 1, i.e. slot and sub-channel based scheme, provides better performance than TFRP based resource selection (scheme 2) for aperiodic services.
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Conclusion
This paper presents simulation results using different sidelink resource sensing and selecting schemes.  Based on the simulation, we obtain the following observation: 
Observation 1:  Scheme 1, i.e. slot and sub-channel based scheme, provides better performance than TFRP based resource selection (scheme 2) for aperiodic services.
References
[bookmark: _Ref17960][bookmark: _Ref6376]Chairman’s notes, 3GPP, RAN1 #AH1901, Taiwan, 21st – 25th January, 2019
[bookmark: _Ref23728]TS 37.885, Study on evaluation methodology of new Vehicle-to-Everything (V2X) use cases for LTE and NR 
[bookmark: _Ref23755]TS 38.885, Study on Vehicle-to-Everything
[bookmark: _Ref15344]R1-1905342, Mode 2 resource allocation schemes on sidelink, ZTE
Appendix
Table 1  System level simulation assumption
	Parameter
	value

	Deployment
	Freeway

	UE drop
	Option A
-	Vehicle type distribution: 100% vehicle type 2.
-	Clustered dropping is not used.
-	Vehicle speed is 140 km/h in all the lanes for the highway scenario

	Carrier frequency
	6GHz

	Bandwidth 
	20MHz

	Subcarrier spacing
	15KHz/30KHz

	Traffic model
	Aperiodic Traffic model

	Aperiodic Traffic model
	Model 1 (medium traffic intensity)
-	Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
-	Packet size: Uniformly random in the range between 200 bytes and 2000 bytes with the quantization step of 200 bytes
-	Latency requirement: 50 ms
-	100% vehicles generate packets.

	Data frequency resource allocation for scheme 1
	Aperiodic Traffic model:  1 ~ 10 sub-channels, 
5 PRB per sub-channel

	Transmission number
	2

	Channel model
	As defined in 37.885

	Receiver algorithm
	MMSE-IRC

	Number of Tx/Rx antenna elements for vehicle UE1
	2Tx/4Rx for 6 GHz

	Antenna model for vehicle UE
	Option 1





6

image2.emf
0 50 100 150 200 250 300 350 400 450 500

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Distance(m)

PRR

6 GHz, 15 KHz SCS, Aperiod Traffic,Freeway

 

 

Scheme 1

Scheme 2, Case 1

Scheme 2, Case 2

Scheme 2, Case 3

Scheme 2, Case 4


image3.emf
0 50 100 150 200 250 300 350 400 450 500

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Distance(m)

PRR

6 GHz, 30 KHz SCS, Aperiod Traffic,Freeway

 

 

Scheme 1

Scheme 2, Case 1

Scheme 2, Case 2


image1.emf
Slot

9 10 6

7 8

5 1 2 3 4

6 7 8 9 10

1 2 3 4 5

S

i

d

e

l

i

n

k

 

b

a

n

d

w

i

d

t

h

TFRP 4*5 pattern unit

（ scheme 2 case 1）

Slot

S

i

d

e

l

i

n

k 

b

a

n

d

w

i

d

t

h

Sub-channels

(scheme 1)

Sub-channel

Channel


