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Introduction
At the RAN#75, the work item on 3GPP phase-2 V2X evolution was approved [1]. One of the WI objectives is to reduce resource selection time for sidelink V2V communication:
	WID Objective:
The detailed objectives of this work item are as follows:
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]
a) Carrier aggregation (up to 8 PC5 carriers);
b) 64QAM;
c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;


At the RAN1#91 and RAN1#92bis, the latency reduction aspect for sidelink resource selection was discussed and the following agreements were made by RAN1 WG [2]:
	RAN1#91
· 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.
RAN1#92bis
· The minimum (pre-)configurable T2min is [10] ms.
· The maximum (pre-)configurable T2min is 20 ms.
· 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 continue discussion on the remaining latency reduction aspects for mode-4 LTE V2V communication. Our views on other enhancements are provided in our companion contributions [5]-[9].
[bookmark: _Ref473567845]Overview of Resource Selection






In the LTE Rel.14, when requested by higher layers in subframe n, the UE determines the set of resources for PSSCH transmission. The UE assumes that any resource within the time interval  corresponds to one candidate single-subframe resource, where selections of  and  are up to UE implementations under  and . The UE selection of  shall fulfil the latency requirement. For resource selection, the UE shall monitor subframes [n-1000, n-999, …, n-1] except for those in which its transmissions occur. The UE shall perform the resource selection procedure based on PSCCH decoding and PSSCH-RSRP, S-RSSI measurements in these subframes.


Figure 1: LTE R14 V2V resource (re)-selection.



According to the LTE R14 specification, the maximum time between packet arrival at L1 and resource selected for transmission is determined by the value of , that can vary from  to  and is subject to latency constraint. This approach already enables 20ms and less latency for V2V communication.
Based on the agreements made by RAN1 at the last meeting, the minimum value of T2 can be reduced to support Layer 1 latency reduction and (pre)-configuration based selection of minimum value of T2min is supported where additional T2min value of 10 is tentatively agreed in brackets pending final confirmation.
Discussion on Minimum Resource Selection Window (T2)
The fundamental limits of LTE-V2V technology in terms of latency reduction are determined by 1ms subframe physical structure and receiver implementation (e.g. processing delays up to 4ms). Therefore the L1 latency reduction is bounded by at least 5ms in practical implementations or even higher considering variation in T1 which is left up to UE implementation. Therefore setting minimum resource selection window to 5ms will eventually mean almost random resource selection in time based on packet arrival time, where collisions can be potentially resolved only if UEs select different frequency resources that can further reduce benefits of the overall sensing procedure defined in LTE R14.
In order to evaluate the potential impact on system performance, we have analyzed system level performance for V2V traffic models with 100ms transmission period and latency of 5, 10, 15 and 20ms in Freeway deployment scenario with 70km/h vehicle speed. The results of system level evaluations in case of ideal RX processing with no delay, i.e. T1 = 0 are shown in Figure 2:
[bookmark: _Ref506274181][image: ]
[bookmark: _Ref510783213]Figure 2: Impact of resource selection latency reduction on PRR performance in Freeway scenario.

As it can be seen from the analysis, the 5 ms resource selection window leads to noticeable degradation of LTE-V2V system performance with respect to reasonable losses in case of 10 and 15 ms comparing to the legacy system with 20ms resource selection window. This system behavior can be explained by several factors: 1) reduction of resource selection window decreases amount of low energy resources that UE has freedom to pick from and thus results in more frequent selection of more congested resources and 2) LTE-V2V numerology with 1ms subframe duration becomes a system bottleneck given that there is no sufficient degrees of freedom for resource selection when latency is reduced substantially and performance is eventually degrades towards random resource selection. The latency requirements determined by use cases defined in [3], vary from 3ms to 100ms. The minimum 3ms latency requirement does not seem feasible for LTE-V2V technology, given the 1ms resource access granularity in time and 4ms RX and TX processing delays. Moreover, even T2 equal to 10ms can be a problematic case in terms of overall 10ms latency requirement that may not always be met if 4 ms RX processing delay is taken into account resulting in overall latency of up to 14 ms depending on transmitter resource selection decision and receiver processing delay. Another aspect to be discussed is how many minimum T2 values can be configured by the system. In general, this aspect is heavily dependent on the traffic characteristics in terms of L1 latency budget. It should be pointed out that in LTE R14 the granularity of min T2 value setting is not defined () and can be set to any value within this interval. In order to simplify UE implementation and system operation we think that existing agreements made by RAN1 WG are sufficient and remaining details can be finalized in RAN2 WG. Therefore we propose to finally confirm the configurability of T2min value from the set 10 and 20.
Proposal 1
· Confirm additional T2min value of 10ms so that any of T2min values 10 or 20 ms can be configured 
· Remaining signaling details are finalized in RAN2 WG
Discussion on Reduced SPS Transmission Period
At the previous meeting, RAN2 WG made the following agreement with respect to Mode-3 UEs:
· Add more SPS periodicity values (i.e. 10ms) into sidelink SPS configuration.  
This agreement enables sidelink transmission rate for Mode-3 UEs up to 100Hz, however it does not ensure 10ms latency. In addition this agreement may have following impact on physical layer and specifications:
· Indication in SCI Format 1 of new SPS period by Mode-3 UEs 
· Resource reservation field in SCI format 1 - '1101' can be used => Indicated value X = 0.1
· R14 M3/M4 UEs cannot properly interpret R15 SCI signaling (i.e. Resource reservation field) by M3 UEs
· Impact on Mode-4 UEs sensing and resource selection procedure
· R15 UEs: sensing and resource selection procedures need to be updated to work properly
· At least UE behavior and the following parameters are affected and may need to be re-discussed in RAN1/RAN2 - Prsvp_TX,  Prsvp_RX, Cresel.
· R14 UEs: sensing and resource selection procedures will not work properly
· R14 UE is not aware about actual resource reservation interval used by Mode-3 R15 UE
· Impact on Mode-3 UEs:
· 	R15 UEs: Content of SCI Format Field (Resource reservation) needs to be updated
· R14 UEs: UEs will not be able to properly understand 10ms Mode-3 resource reservation interval signaled by R15 Mode-3 UEs however it is of no use anyway for Mode-3 UEs.
Considering the discussion above, we see the potential impact on RAN1 specifications and UE behavior. In addition, the proposed solution may create co-existence issues for at least R14 Mode-4 UEs and potentially R15 Mode-4 UEs if no additional specification changes are introduced. The following options can be considered to determine the way how to proceed further:
Potential options:
· Option 1. Do not introduce signaling of 10ms SPS period in SCI format 1, but keep value for Mode-3 SPS configuration
· Follow R14 Mode-3 UE behavior on PC5 (i.e. do not indicate resource reservation) and while follow R15 DCI Format 5 instruction in terms of sidelink transmission
· Option 2. Introduce resource reservation of 10ms also for Mode-4 UEs
· We would like to notice that it does not facilitate resource selection latency reduction for Mode-4 UEs
· From L1 perspective, the transmission period of 10ms on sidelink can be supported by using two sidelink processes (shifted in time by 10ms) with resource reservation interval of 20ms. It should be noted that with legacy physical structure the support of 10ms resource reservation interval will lead to increased collisions and lack of sensing information for up to 40 or even higher percentage of sidelink resources (depending on pool configuration) and assuming two sidelink reservation processes each utilizing 2 TTIs.
· Option 3. Revert RAN2 agreement to introduce 10ms SPS configuration for R15 Mode-3 UEs.
· There were no objective in WID to increase transmission rate for Mode-3 UEs. 
· [bookmark: _GoBack]No impact on RAN1/RAN2 specification. 
· Option 4. Limit RAN2 agreement to Mode-3 scenarios only (i.e. do not assume pool sharing with Mode-4 UEs)
· This option is somewhat equivalent to Option 1 and does not require any RAN1 specification change (i.e. no signaling of 10ms resource reservation interval in SCI). 
Considering the limited time left for WI, we propose RAN1 to select one option among described above Options 1, 3 and 4.
Proposal 2
· Considering limited time to complete WI, lack of objective to support increased rate of transmissions, potential impact on specification and Rel.14 Mode-4 UEs, further discuss support one of the Options 1, 3, 4.
Summary
In this contribution, we analyzed impact on system level performance from different resource selection window durations. Our results show negative impact on overall PRR system performance if resource selection window is significantly reduced beyond 20ms (e.g. less than 10ms). We have noticed that LTE-V2V system has limited capabilities in terms of further latency reduction due to physical structure as well RX processing delays in terms of sensing and resource selection procedure as well as RX processing for demodulation. In addition, we have highlighted impact on RAN1 specification from introducing additional SPS periodicity of 10ms and identified impact on Mode-4 UEs. 
Based on the discussion and analysis, we have the following set of proposals:
Proposal 1
· Confirm additional T2min value of 10ms so that any of T2min values 10 or 20 ms can be configured.
· Remaining signaling details are finalized in RAN2 WG.
Proposal 2
· Considering limited time to complete WI, lack of objective to support increased rate of transmissions, potential impact on specification and Rel.14 Mode-4 UEs, further discuss to support one of the Options 1, 3, 4.
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