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1. Introduction
In RAN #80 meeting, the new SID NR-V2X has been agreed with the objective 1 [1], as follows:
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In this contribution, we think of a way to improve the efficiency of mode-4 based sidelink resource selection in NR-V2X communications under the condition of out of cellular coverage. To this end, we introduce subframe based resource selection parameters in addition to channel busy ratio (CBR), whereby each vehicle UE enables to autonomously select the contiguous subchannels and efficiently deliver the large size packet as well as the sporadic packet with the stringent latency.
2. General Descriptions
Technical report (TR) [2] defines different V2X scenarios, requiring the transport of V2X messages with different performance requirements for the 3GPP system. Four use case groups, such as vehicle platooning, advanced driving, extended sensors, and remote driving, corresponding to 25 use cases for advanced V2X services, are described with stringent requirements such as, the maximum end-to-end latency of 3-10ms, the reliability of 99.99-99.999%, the data rate of 25-1000Mbps, and the minimum required communication range of 80-1000meters.
In addition, the TR related to the evaluation methodology of new V2X use cases [3] defines some typical traffic models, with the packet size of 190bytes, 300bytes, 800bytes, 1200 bytes, up to 60000 bytes for periodic traffic, and 200 bytes, 2000bytes, up to 30000 bytes uniformly distributed for aperiodic traffic. It seems that, the packet size could be very large, and thus, the constraint of sidelink subchannels selected at single subframe is no longer meaningful. This becomes more urgent that the efficient resource selection cross multi-subframes should be enhanced in NR-V2X
Observation-1: The efficient resource selection cross multi-subframes should be enhanced, in order to deal with sidelink packet transmission with large size.
According to the description in [4], channel busy ratio (CBR) measured in subframe n is defined as follows:

· For PSSCH, the portion of sub-channels in the resource pool whose S-RSSI measured by the UE exceed a (pre-)configured threshold sensed over subframes 
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· For PSCCH, in a pool (pre)configured such that PSCCH may be transmitted with its corresponding PSSCH in non-adjacent resource blocks, the portion of the resources of the PSCCH pool whose S-RSSI measured by the UE exceed a (pre-)configured threshold sensed over subframes 
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, assuming that the PSCCH pool is composed of resources with a size of two consecutive PRB pairs in the frequency domain.

We believe that, this parameter works fairly well under constrains of longer latency and small size packet, especially for congestion control in LTE-V2X. When packet size becomes large with stringent latency requirement in NR-V2X, CBR no longer functions well with the following reasons:
· CBR is not capable of indicating how many contiguous subchannels available in the selection window over 
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· Even with small CBR value, it does not mean vehicle UE can select enough available contiguous subchannels to deliver a large size packet. This is because, V2X sidelink transmission does not expect to select discontiguous subchannels due to the cost of more SCI involved in control channel.
In what follows, we simplify a scenario with the selection window formed by 16 subframes (namely, 
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), each with 4 subchannels. In order to intuitively confirm the above statement, we exemplify two cases, with the same CBR value, but the different subchannel selection mechanism, defined as:
· Case-1: Each transmit vehicle UE delivers small size packet (each packet is mapped on either one or two subchannels), with the mode-4 based channel selection procedure, and each receive vehicle UE follows SCI decoding from PSCCH, and PSSCH-RSRP and S-RSSI measurements.
· Case-2: Each transmit vehicle UE delivers large size packet (each packet is mapped on eight subchannels), with the mode-4 based channel selection procedure, and each receive vehicle UE follows SCI decoding from PSCCH, and PSSCH-RSRP and S-RSSI measurements.
Figure 1 and Figure 2 illustrate the channel selection for small size packet in case-1, and large size packet in case-2, respectively. It can be observed that both cases have the same subchannel occupancy (40 subchannels, equivalent to CBR = 0.625). However, the former is inferior to the latter if a vehicle UE needs to deliver a large size packet, due to the discontiguous subchannels distributed over the transmission pool, costing more SCI in control channel.
It is noted that, in reality, CBR, as a measurement parameter, is calculated in 100ms sensing window, rather than in selection window. For the explanation purpose, however, we simply assume that the CBR (denoted as equivalent CBR in this contribution) seen in the selection window is similar to the CBR measured in the sensing window, especially when the selection window reaches the maximum value, 100ms.
Observation-2: CBR does not work properly in large size packet delivery, and a new parameter should be further defined.
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Figure 1: Example of channel selection for small size packet, in the selection window formed by 16 subframes, each with 4 subchannels.
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Figure 2: Example of channel selection for large size packet, in the selection window formed by 16 subframes, each with 4 subchannels.
3. New Parameter Design in NR-V2X Resource selection
In Figure 2, it is a drawback that, once a sporadic packet with the stringent latency arrives in a vehicle UE, the vehicle UE is hard to deliver the packet immediately if the arriving timing does not match well with the available subchannels in the selection window. As a rule of thumb, we think of the re-manipulating subchannel selection way, whereby each vehicle UE selects half subchannels in frequency domain and double subchannels in time domain, compared to the selection way in Figure 2. Figure 3, as case-3, exemplifies the contiguous subchannel selection in the selection window formed by 16 subframes, each with 4 subchannels, where vehicle UEs deliver large size packets (similar to case-2, each packet is mapped on eight subchannels) as well as sporadic packets. In case-3, the equivalent CBR value is still equal to 0.625, but it becomes capable of quickly delivering sporadic packets. For example, sporadic packet-1 and packet-2 arrive in subframe 3 and subframe 10, and can be delivered in subframe 5 and subframe 11, respectively.
Observation-3: In order to deliver sporadic packet with stringent latency, each vehicle UE should autonomously select and balance contiguous subchannels in both frequency and time domains, prior to its transmission.
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Figure 3: Example of channel selection for both large size packet and sporadic packet, in the selection window formed by 16 subframes, each with 4 subchannels.
Now, two fundamental questions have to be raised as follows:

· How does each vehicle UE autonomously select the available contiguous subchannels in selection window, so as to reserve the idle subchannels accessible for either large size packets or sporadic packets delivered by other vehicle UEs?
· What is the efficient parameter in addition to CBR, which is complementarily involved in mode-4 based resource selection in each vehicle UE?
In this contribution, we introduce a new parameter, denoted as channel idle ratio (CIR). Instead of measuring and counting all the number of subchannels potentially occupied in transmission resource pool, we simply count the maximum contiguous subchannel number in each subframe, and define a maximum contiguous subchannel number ratio in subframe (MCSNRS), as a new parameter, expressed as
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 is the maximum contiguous subchannel number in the n-th subframe, and N is the total number of subchannels in each subframe.
The reason to define this new parameter is to deal with the sidelink transmission under the restriction of the contiguous idle subchannels in each subframe.
Thus, the CIR, 
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, within M subframes in selection window, can be expressed as
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where 
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 is the threshold of MCSNRS in each subframe, with 
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 is the floor function.

It should be noted that, the threshold of MCSNRS, 
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, enables to adjust the available contiguous resource size in each subframe, and its exact value can be configured by RRC, based on, for example, the ProSe Per-Packet Priority (PPPP) in NR-V2X application.
Therefore, each vehicle UE autonomously selects the contiguous subchannels for the packet delivery, based on the criterion of maximizing the CIR, 
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, in selection window.
In order to make a fairness comparison with this new parameter, CIR, we continuously utilize the same examples, illustrated in Figure 1,  Figure 2, and Figure 3, as case-1, case-2, and case-3, respectively. Table 1 lists the calculated values for the MCSNRS, and CIR, by setting 
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 in case-3. Obviously, CIR value matches the conclusion that, Case-3 is best in achieving both large size packet and sporadic packet transmissions, while Case-1 is worst.
Observation-4:  Compared to CBR, CIR as a complementary subframe based resource selection parameter shows much higher flexibility, whereby each vehicle UE enables to autonomously select the contiguous subchannels and deliver periodic packet with large size as well as sporadic packet with stringent latency.

Observation-5: Maximum contiguous subchannel number ratio in subframe (MCSNRS) as a new parameter enables to measure available contiguous subchannels in each subframe.

Observation-6: Threshold of MCSNRS in each subframe is used for the vehicle UE to control the available contiguous subchannels in transmission resource pool when the vehicle UE has to (re)select the contiguous subchannels for V2X transmission.

Proposal-1: Introduce two new parameters, such as CIR and MCSNRS, to deal with large size packet and sporadic packet transmissions in NR-V2X.
Proposal-2: Introduce the threshold of MCSNRS to autonomously control the available contiguous subchannels in transmission resource pool.
Table 1: MCSNRS, and CIR calculation for case-1, case-2, and case-3, with 
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	Index n
	Case-1
	Case-2
	Case-3

	1
	0.25
	0.0
	0.5

	2
	0.25
	0.0
	0.5

	3
	0.5
	0.0
	0.5

	4
	0.25
	0.0
	0.0

	5
	0.0
	0.0
	0.5

	6
	0.75
	0.0
	0.5

	7
	0.25
	1.0
	0.0

	8
	0.25
	1.0
	0.5

	9
	0.25
	1.0
	0.5

	10
	0.0
	1.0
	0.0

	11
	0.25
	0.0
	0.5

	12
	0.5
	0.0
	0.5

	13
	0.25
	0.0
	0.0

	14
	0.5
	0.0
	0.5

	15
	0.5
	1.0
	0.5

	16
	0.25
	1.0
	0.5

	CIR
	0.315
	0.375
	0.75


4. Conclusion
In this contribution, we have discussed the issue on mode-4 based sidelink resource selection. In order to efficiently deliver the packets with large size and stringent latency, we have proposed two new complementary parameters, denoted channel idle ratio (CIR) and maximum contiguous subchannel number ratio in subframe (MCSNRS), whereby each vehicle UE enables to autonomously select the contiguous subchannels, and deal with large size packet and sporadic packet transmission. The following observations and proposals should be taken into account.
Observation-1: The efficient resource selection cross multi-subframes should be enhanced, in order to deal with sidelink packet transmission with large size.
Observation-2: CBR does not work properly in large size packet delivery, and a new parameter should be further defined.
Observation-3: In order to deliver sporadic packet with stringent latency, each vehicle UE should autonomously select and balance contiguous subchannels in both frequency and time domains, prior to its transmission.
Observation-4:  Compared to CBR, CIR as a complementary subframe based resource selection parameter shows much higher flexibility, whereby each vehicle UE enables to autonomously select the contiguous subchannels and deliver periodic packet with large size as well as sporadic packet with stringent latency.

Observation-5: Maximum contiguous subchannel number ratio in subframe (MCSNRS) as a new parameter enables to measure available contiguous subchannels in each subframe.

Observation-6: Threshold of MCSNRS in each subframe is used for the vehicle UE to control the available contiguous subchannels in transmission resource pool when the vehicle UE has to (re)select the contiguous subchannels for V2X transmission.

Proposal-1: Introduce two new parameters, such as CIR and MCSNRS, to deal with large size packet and sporadic packet transmissions in NR-V2X.
Proposal-2: Introduce the threshold of MCSNRS to autonomously control the available contiguous subchannels in transmission resource pool.
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1: Sidelink design [RAN1, RAN2]:


Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including


Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast


Study NR sidelink physical layer structures and procedure(s)


Study sidelink synchronization mechanism


Study sidelink resource allocation mechanism (also including objective 3)


Study sidelink L2/L3 protocols
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