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1. Introduction
The latency reduction for eV2X was discussed in RAN1 #91 meeting and the following agreement was achieved [1]:

Agreement
· The minimum value of T2 can be reduced to support Layer 1 latency reduction.
· (Pre)configuration based selection of minimum value of T2 is supported.
· The minimum value of T2 is selected from a set of values.
· The set of values includes at least 20ms, and a value lower than 20ms (FFS how many additional values). 
· FFS: whether the (pre)configuration is per PPPP, CBR range, per carrier, or if it intends to have a similar behaviour as a rel-14 UE, etc.
In RAN1 #92b, the following agreement was achieved [2]:
Agreement
The minimum (pre-)configurable T2min is [10]ms.
The maximum (pre-)configurable T2min is 20ms.
The determination of T2min 
· For each PPPP, the T2min is (pre-)configured by RRC.
Note: The actual value of T2 (>=T2min) is left to UE implementation.
In this contribution, we discuss how to resolve the potential collision in case of latency reduction for eV2X. 
2. Discussion
2.1. Latency reduction in Mode 4

In Rel-14 LTE-V2X, if resource (re-)selection is triggered at time n, UE will select transmission resource from [n+T1, n+T2], where 
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. The maximal latency is determined by the value of T2. It was agreed that the minimum value of T2 can be reduced to 10ms. A potential issue for reducing T2 to support latency reduction is that it will increase the probability of transmission collision. According to the sensing procedure of Mode-4 [3],
7)  If the number of candidate single-subframe resources remaining in the set 
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Where Mtotal is the total number of candidate resource within selection window. If T2 is reduced and the parameter 0.2 is kept, that will result in the following issues.
· Higher collision probability:

With reduction of T2 and fixed proportional factor 0.2, the total number of candidate resource remaining in the set 
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 is also proportional reduced. The probability of transmission collision will be increased for UEs that are close to each other since they have similar sensing results. Also the effect of half duplex will be more severe because of less time resource within selection window [n+T1, n+T2]
Observation 1: Reducing T2 will increase transmission collision probability and half duplex effect.
To reduce transmission collision probability and half duplex effect, the general principle is to increase the resource within resource selection window. A higher proportional factor can be configured for smaller T2. For example, if T2 is reduced to 10ms, the factor can be increased to 40%. In this case, UE can have more candidate resource to be selected. Different latency requirement maybe correspond to different proportional factor.

Proposal 1: The parameter 20% can be relaxed in case of short latency to reduce transmission collision probability and half duplex effect.
· No available resource to report
Another potential issue is that there is no available resource to report in case of very strict latency. There are in total two HARQ processes per UE, and each packet can be transmitted twice. Therefore, there are totally 4 subframes within the sensing window that UE does not have sensing result. Furthermore, if multi-carrier transmission is performed and UE transmits data in different subframe across carriers, there may be no available resource for sensing and reporting because of half duplex effect. 

For example, if T2 is set to 10ms, and T1 is 2ms, UE can obtain sensing results only within 8 subframes. If UE transmits data on 2 carriers, there are 2 HARQ processes per carrier, and each data packet is transmitted twice, it needs 8 subframes for UE to transmit data across 2 carriers if the data is transmitted in different subframes across carriers. Then there will be no sensing result and no resource to be reported to higher layer in this case. 
Observation 2: Reducing T2 can result in no available resource to report.
· Backward compatibility issue of new SPS period = 10ms
With the introduction of new T2min equal to 10ms in Rel-15, another major issue is that it will not be backward compatible to legacy Rel-14 UEs. In Rel-14, the T2 value is related to the resource reservation interval which is represented by a 4-bit “resource reservation” field in SCI format 1. According to Rel-14 specification (TS36.331), the 4-bit “resource reservation” field currently represents up to 12 reservation intervals (20ms, 50ms, 100ms, 200ms, …, 1s) with 4 spare values undefined. By reducing the T2 value to be 10ms, one of the 4 spare values may have to be used for reserving the same frequency resources (e.g. in every 10ms). This approach is fine for a Rel-15 Rx UE, however, this will not be understood by legacy Rel-14 UEs.
To resolve this issue, one approach would be to reserve the same frequency resource multiple times within a 20ms window in a way that it can be understood by legacy Rel-14 UEs. For the example shown in Figure 1, if T2 and the intended resource reservation period is 10ms, the UE reserves the same frequency resource twice (10ms apart) within a 20ms window but sets the “resource reservation” field in SCI to the legacy 20ms value so that legacy Rel-14 UEs would understand. In effect, the combined resources reserved by the Tx Rel-15 UE still achieve the intended reservation interval of 10ms as the result.
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Figure 1: Two 20ms reservations to achieve a resource reservation interval of 10ms.
If need be, a new parameter field could be introduced in Rel-15 (utilizing 2 bits of currently unused/reserved bits in SCI format 1) for indicating the true intended resource reservation periodicity (new T2 values) to other Rel-15 UEs operating in the same resource pool. For example, 10ms, 5ms, 3ms, and etc.

Proposal 2: To resolve the backward compatibility issue of new SPS period = 10ms, multiple reservations should be sent by the reserving Rel-15 UE, while keeping the resource reservation value to 20ms in SCI.

Proposal 3: A new parameter field could be introduced in SCI for indicating the new/intended resource reservation periodicity that is smaller than 20ms (i.e. 10ms) to other Rel-15 UEs.

2.2. Latency reduction in Mode 3
In Mode 3, eNB allocates resource for UE. UE will send SR/BSR to assist eNB’s scheduling which will increase latency because signaling exchange between UE and eNB. Latency can be reduced if signaling exchange procedure can be minimized. Therefore, SPS scheduling can be an efficient way to reduce latency of Mode 3.
Proposal 4: SPS scheduling can be used in Mode 3 to reduce latency.

Furthermore, eNB should know the latency requirement of service so that it can allocate proper resource to UE. UE can send the latency requirement to eNB to assist eNB’s scheduling. 
Proposal 5: UE sends latency requirement to eNB to assist eNB’s scheduling. 
However, in the case of first transmission upon data packet arrival at beginning (before eNB is able to provide SPS scheduling) and the case of event triggered messages, the process of UE sending SR/BSR and receiving eNB’s scheduling of SPS resources will take some time depending on SR resources, PUSCH transmission timing and SL-SPS scheduling in PDCCH. For short latency eV2X use cases such as 5ms or 10ms, it is not likely these requirements can be satisfied. One possibility to resolve this is to configure grant-free resources that are dedicated to Mode 3 UEs only (sidelink mode 3 transmission without grant) for temporary transmission of urgent messages while requesting and waiting for eNB scheduling of Mode 3 resources as per Proposal 5 and Proposal 6. 

The grant-free (GF) resources or a resource sub-pool can be configured as part of a Mode 3 resource pool and Mode 3 UEs monitor and decode V2X messages on the GF resources/pool as per existing Rel-14 behavior. At the same time, the UE also identifies from SCI reading used/reserved resources in the GF sub-pool. Then upon receiving of a new data packet from upper layer for the first time or a new event triggered message, the UE selects among the available resources in the GF sub-pool for its initial transmission and possible retransmission of the message TBs until receiving Mode 3 resource scheduling from the eNB. 

Proposal 6: eNB to configure grant-free (GF) resources/sub-pool with in a Mode 3 resource pool for immediate and temporary transmission of new messages with short latency, while requesting and waiting for Mode 3 SL scheduling from the eNB.
3. Conclusions
In this contribution, the latency reduction in mode 3 and mode 4 are discussed. Some potential issues because of latency reduction are analyzed. The following observations and proposals are given based on the analysis.
Observation 1: Reducing T2 will increase transmission collision probability and half duplex effect
Proposal 1: The parameter 20% can be relaxed in case of short latency to reduce transmission collision probability and half duplex effect. 
Observation 2: Reducing T2 can result in no available resource to report.
Proposal 2: To resolve the backward compatibility issue of new SPS period = 10ms, multiple reservations should be sent by the reserving Rel-15 UE, while keeping the resource reservation value to 20ms in SCI.

Proposal 3: A new parameter field could be introduced in SCI for indicating the new/intended resource reservation periodicity that is smaller than 20ms (i.e. 10ms) to other Rel-15 UEs.
Proposal 4: SPS scheduling can be used in Mode 3 to reduce latency.

Proposal 5: UE sends latency requirement to eNB to assist eNB’s scheduling. 

Proposal 6: eNB to configure grant-free (GF) resources/sub-pool with in a Mode 3 resource pool for immediate and temporary transmission of new messages with short latency, while requesting and waiting for Mode 3 SL scheduling from the eNB.
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