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1 Introduction

In WID RP-170798 [1], one of the objectives defined for eV2x is
1. Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]
…
c)
Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
In this contribution, we discuss the latency reduction in more details.
2 Discussion
2.1 Latency reduction for Mode-4
According to TS 36.213 section 14.1.1.6

A candidate single-subframe resource for PSSCH transmission 
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. The UE shall assume that any set of 
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 contiguous sub-channels included in the corresponding PSSCH resource pool (described in 14.1.5) within the time interval 
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 corresponds to one candidate single-subframe resource, where selections of 
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 are up to UE implementations under 
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Since PHY layer is free to choose resources between at least [4ms, 20ms] interval, we can state that the Rel-14 V2x system targets at QoS requirement on latency which is larger than 20ms.

Observation 1 Rel-14 V2x mode-4 aims at latency requirement larger than 20ms.

Based on TR 22.886 section 7.1

7.2.1
General requirements
<Text removed>
[CPR.G-024]
The 3GPP system shall support less than 5 ms communication latency for transport of V2V messages between two UEs supporting V2V applications, that are part of a group of UEs supporting V2Vapplications.

And based on TR 22.886 section 7.2.3

	Communication scenario
	Payload (Bytes)
	Tx rate (Message/Sec)
	Max end-to-end latency

(ms)
	Reliabi-lity (%)
	Data rate (Mbps)
	Commu-nication range (meters)

	Section
#
	Description
	CPR #
	
	
	
	
	
	

	…
	
	
	
	
	
	
	
	

	5.20
	Between UEs supporting V2X application

Fully automated driving
	[CPR.A-006
	
	
	[3]
	[99.999]
	[30]
	[500]

	…
	
	
	
	
	
	
	
	


Observation 2 Rel-15 eV2x traffic target at latency requirement as small as 3ms / 5ms level.
In order to achieve the requirement as above, there could be two options as follows
Option-1: Either we reduce the lower bound of T2 only, in which case we cannot reduce it to be less than 8 (i.e., Rel-15 eV2x can only implement traffic with latency requirement larger than 8ms), since the UE may simply cannot observe any resources between [4ms, 8ms] due to half duplex limitation (which is the reason why the maximum value of minNumCandidateSF is 13 instead of 17). 

Option-2: Or we reduce both T1 and T2, in which case T1 can be reduced to less than 3ms (in order to achieve the 3ms target), and lower bound of T2 can be further reduced compared to option-1 above. However, even in this option, T2 may be not reduced to 3ms or 5ms due to the similar reason in option-1. If we force T2 to be less than 3ms or 5ms, PHY layer may be simply not able to report any resources to MAC due to the half-duplex limitation. Please note that T1 reduction would require view from RAN1/RAN4. 
Since T1 / T2 are RAN1 language, it is more of RAN1 scope to proceed on this sub-topic.
Proposal 1 RAN2 wait for RAN1 decision on T1 / T2 reduction.

For RAN2, the main task is to provide PHY layer on the expected value of T2, i.e., the latency requirement.

UE selection of 
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 shall fulfil the latency requirement. 
One may argue whether additional functionality is needed for T2 value selection, e.g., CBR. However, we see less need of that. The reasons are as follows:

· T2 is to be decided by latency requirement of arrived traffic, there is neither need to select a T2 lower than the latency requirement, which means less available resource, nor need to select a T2 larger than the latency requirement, which would means the transmission cannot satisfy the QoS requirement and thus meaningless. 

· CBR table defined in Rel-14 acts as a guidance of L1 parameter selection already. For example, for a carrier which is of congestion, less number of PRBs and lower Tx power can be used, which means that less sidelink activity is allowed on that carrier. So that when MAC select L1 parameter for activity on a specific carrier, it can already judge whether the allowed L1 parameter (PRB, re-transmission number, power) is able to carry the low-latency traffic, if not, it would be straightforward to select another carrier. When both carriers are able to carry the traffic, the further carrier selection can rely on UE implementation.

Proposal 2 Not specify CBR based T2 selection method in Rel-15 eV2x.

Besides the pure delay-critical traffic which requires the reduced T2, another scenario is the mixed traffic with different latency requirement, e.g., delay-critical of logical channel A and delay-insensitive traffic of logical channel B, which requires reduced (T2_1) and non-reduced T2 (T2_2) in a mixed way. How UE shall handle this case is the main problem - considering the smaller the T2 is, the fewer available resources there are (due to half duplex limitation and more resources occupied by mode-3 in case of shared pool), or the more interference the sensed resource experiences. There could be generally two solution alternatives:
· Alt-1: MAC sends multiple sensing command (simultaneously or sequentially) to PHY layer, i.e., 

· Command-1: Subchannel_1 to carry the data volume of A only, with T2 limitation of T2_1 for logical channel A;

· Command-2: Subchannel_2 to carry the data volume of B only, with T2 limitation of T2_2 for logical channel B;

· Command-3: Subchannel_sum to carry the data volume of both A and B, with T2 limitation of T2_1, T2_1 for logical channel A and B;

Then PHY report multiple S_B for Command-1/2/3 respectively if available, and it is up to MAC to decide on which sensing results to use. For example, S_B for Command-1/2 is used only in case no result for Command-3 is sensed.
· Alt-2: MAC sends single command to PHY layer, i.e., 

· Subchannel_sum to carry the data volume of both A and B

And it is up to PHY to prioritize the sensing based on T2_1, and T2_2 is used only if the sensing for T2_1 fails. But even if T2_2 is used, PHY would still report S_B based on Subchannel_sum, i.e., caused resource waste.
· Alt-3: ignore all these details, and fully rely on UE implementation

Proposal 3 RAN2 discuss whether to rely on UE implementation to handle the MAC/PHY sensing interaction for mixed traffic of various latency requirements.

2.2 Latency reduction for Mode-3

In mode-3, it is the network who allocates resources to UE, and thus it is necessary that network is aware of the latency requirement of traffic in UE buffer, and schedule resources to satisfy it. In order to achieve this, typically dynamic scheduling relying on D-SR/BSR is not enough to achieve the 3ms / 5ms requirement as mentioned above, and thus SPS scheduling is needed here.

Observation 3 SPS scheduling is needed to achieve the latency requirement in Rel-15 eV2x.

However, according to TS 36.331

TrafficPatternInfo-r14 ::=
SEQUENCE {


trafficPeriodicity-r14


ENUMERATED {












sf20, sf50, sf100, sf200, sf300, sf400, sf500,












sf600, sf700, sf800, sf900, sf1000},


timingOffset-r14




INTEGER (0..10239),


priorityInfoSL-r14




SL-Priority-r13







OPTIONAL,


logicalChannelIdentityUL-r14

INTEGER (3..10)







OPTIONAL,


messageSize-r14




BIT STRING (SIZE (6))
}

Although timingOffset indicates the expected network scheduling timing, the required information here is a range from the time point where the UL data is generated to the time point where the latency requirement of the generated UL data can allow. To achieve this, the only information that is possible for network to derive the latency requirement is the associated priority information. Based on the agreement from RAN2#96 that,

=>
RAN2 will not optimize the LCP procedure to specifically take into account latency of packets.  We will follow the PPPP priority in the LCP procedure.  RAN2 thinks and assumes that the ideal configuration should be that PPPPs are mapped in the latency requirement order.  

PPPP by its current shape as a value between 1 and 8, cannot directly reflect the latency requirement like 3ms / 5ms / 10ms / 20ms…, so that a mechanism for network to be aware of the latency requirement is needed. 
Proposal 4 RAN2 study the mechanism for network to acquire latency requirement of sidelink traffic for mode-3.
3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
Rel-14 V2x mode-4 aims at latency requirement larger than 20ms.
Observation 2
Rel-15 eV2x traffic target at latency requirement as small as 3ms / 5ms level.
Observation 3
Randomization is in used in Rel-14 V2x to reduce resource collision.
Observation 4
Reduced latency in Rel-15 eV2x reduces the effect of randomization.
Observation 5
SPS scheduling is needed to achieve the latency requirement in Rel-15 eV2x.


Based on the observations, we propose:
Proposal 1
RAN2 wait for RAN1 decision on T1 / T2 reduction.
Proposal 2
Not specify CBR based T2 selection method in Rel-15 eV2x.
Proposal 3
RAN2 discuss whether to rely on UE implementation to handle the MAC/PHY sensing interaction for mixed traffic of various latency requirements.
Proposal 4
RAN2 study the mechanism for network to acquire latency requirement of sidelink traffic for mode-3.
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