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1 Introduction

At the RAN#75, the work item on 3GPP phase-2 V2X evolution was approved with the following RAN1 objectives [1]:

	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;

2. Study the feasibility and gain of PC5 operation with Transmit Diversity, assuming this PC5 functionality would 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, and specify this PC5 functionality if justified. [RAN1, RAN2, RAN4].

3. Study the feasibility and gain of PC5 operation with Short TTI, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality with and without using the same scheduling assignment format, and provide RAN1 observations and recommendations to RAN by RAN#77. [RAN1, RAN2]


In this contribution, we mainly discuss the objective to reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission. Our views on other enhancements are provided in our companion contributions [4]-[11].
2 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 
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 corresponds to one candidate single-subframe resource, where selections of 
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 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.
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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 
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 and is subject to latency constraint. This approach already enables 20ms latency and transmission period for V2V communication.

In order to further reduce the maximum time between packet arrival at L1 and resource selected for transmission, the min and max value of 
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). However, further reduction of this value may not be desirable due to multiple technical issues. On the other hand, there is no target value provided in [1] and it is unclear which use case is expected to be addressed by this feature and for which traffic model. Therefore, we assume that this aspect is left for further RAN1 WG discussion.
Observation 1
· Target value to reduce the maximum time b/w packet arrival at L1 and resource selected for transmission is not defined.
· The use case to be addressed by latency reduction enhancement needs to be clarified, including traffic model.
3 Discussion on Latency Targets

The latency requirements determined by use cases defined in [2], vary from 3ms to 100ms. The minimum 3ms latency requirement does not seem feasible for LTE-V2V technology, given that 1ms resource access granularity in time and 4ms processing delay. Therefore, unless the support of short TTI is defined for sidelink operation this value should not be targeted. On the other hand the typical values reported in [2] are in the range of 10-20ms. The support of 20ms latency is already defined for LTE-V2V communication. In order to support 20ms latency and transmission period, there were quite a few technical changes defined for sensing and resource selection procedure including:

· Scaling of resource reselection counter range for UE operating with 20 and 50ms resource reservation interval;

· S-RSSI averaging with periodicity equal to the used resource reservation interval by UEs operating with 20 and 50 ms transmission period;

· Reselection UE scales number of reservations of other UE within resource (re)-selection window by 1/i when 0<i<1 for resource exclusion (i.e. 2 or 5 resources within 100ms selection window are excluded).
Considering these aspects and assuming 1ms TTI and 4ms processing delay, the latency reduction beyond 20ms does not seems reasonable. The minimum latency value that may be potentially targeted by WI reusing current sensing and resource selection procedure is 10ms, however technical benefits and performance with current physical structure and resource selection procedure need to be further studied taking into account traffic model. The parameters and details of sensing and resource selection may need to be revised, if 10ms latency is assumed for LTE-V2V communication.
In case if short TTI is agreed for LTE V2V-communication, the lower latency values can be targeted (i.e. below 20ms). However, the support of short TTI within LTE R14 V2V resource pools has multiple technical challenges and thus needs separate study as discussed in our companion contribution.
Proposal 1
· RAN1 needs to discuss and agree on the minimum latency value targeted by the WI.
· At least for 1ms TTI,
· Consider 20ms as a baseline latency target and analyse whether additional L1 enhancements are needed.

· Further study support of 10ms latency and necessary L1 enhancements.
· Do not target latency below 10 ms, unless it is agreed to support short TTI for LTE-V2V communication.
4 General Considerations on Latency Reduction for Resource Selection
The latency reduction below 20ms for resource selection will lead to increased probability of collision if multiple UEs operate with low latency (i.e. in the order of 20ms or below) due to lack of resources in selection window and half-duplex problem. In addition, if 20ms or 10ms latency is expected to be the dominant transmission period for the certain use cases, it does not make sense to mix such transmissions with the transmissions utilizing > 100ms transmission intervals. The existing specification enables the restriction of the resource reservation intervals per pool configuration. However, independently of pool configuration, the sensing window of 1 second is assumed and UE is assumed to keep selected resource for at least half second in time and thus consistently collide if sensing is applied. Therefore the following enhancements need to be further analysed in case if further latency reduction is considered:

· Pools restricted to small periods (i.e. only low latency transmissions are possible). This functionality can be already enabled by the LTE R14 specification using parameter “restrictResourceReservationPeriod”.
· Reduced sensing window. In the LTE R14, the sensing window of one second is always assumed independently of periodicity and resource reservation interval used for transmission. This may be reconsidered for the cases when only low latency transmissions (small resource reservation periods) are utilized per pool.
· Reduced resource (re)-selection time. The resource (re)-selection time may be reduced by decreasing the number of TBs transmitted before the resource reselection (reselection counter range for small transmission period).
· Reduced resource (re)-selection window. The resource (re)-selection window is currently bounded by minimum T2 value equal to 20. If the value of T2 is reduced further, the latency can be decreased accordingly.

· Multiple transmission processes. The utilization of multiple transmission processes with shifted in time resource selection windows can be also utilized to reduce latency. This approach can reduce latency in average statistical sense, but can be also applied in combination with other principles to comply with strict latency limit.
· First in time candidate resource selection. In LTE R14, the resource for transmission is randomly selected from the set of candidate resources within resource selection window. Instead of using random resource selection it may be possible to select the first resource in time among candidate resources and thus reduce latency in average sense.

· LTE R14 compatible resource reservation signalling. If R15 UEs with short period (low latency) transmissions would be allowed to share resource pool with LTE R14 UEs, the efficient mechanism of short period resource reservation signalling compatible with legacy UEs have to be introduced. Otherwise, the performance of legacy UEs sensing and resource selection may significantly degrade.
Proposal 2
· Further study mechanisms to reduce the maximum time between packet arrival at L1 and resource selected for transmission.
In general, the support of very low latency may require reconsideration of the LTE R14 sensing and resource selection procedure. On top of existing resource reselection procedure based on processing of long sensing window, it may be possible to utilize short term sensing at the beginning of each subframe (e.g. first symbol) and if short term sensing results indicate that received power in a whole symbol or particular sub-channel of the 1st symbol is below threshold or the received power estimate of the selected candidate resource. This type of sensing operation is similar to the listen before talk procedure. However, such UE behavior may not well coexist with the legacy LTE R14 operation especially considering the fact that R14 UEs adjust AGC setting at each subframe boundary. Therefore, any transmission inside of subframe boundaries can negatively affect performance of legacy UEs due to AGC considerations. The impact of this approach can be reduced, if the threshold is relatively low (i.e. there is no strong transmission in the proximity). The short term sensing may provide latency reduction in statistical sense, however still it is problematic in terms of coexistence with legacy R14 UEs.
5 Latency Reduction and Congestion Control

In LTE R14, the V2V congestion control mechanism which relies on the following metrics defined in [3] was standardized:
· “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 [n-100, n-1];

· 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 [n-100, n-1], assuming that the PSCCH pool is composed of resources with a size of two consecutive PRB pairs in the frequency domain.
· Channel occupancy ratio (CR) evaluated at subframe n is defined as the total number of sub-channels used for its transmissions in subframes [n-a, n-1] and granted in subframes [n, n+b] divided by the total number of configured sub-channels in the transmission pool over [n-a, n+b]
· Note: a is a positive integer and b is 0 or a positive integer; a and b are determined by UE implementation with a+b+1 = 1000, a >= 500, and n+b should not exceed the last transmission opportunity of the grant for the current transmission.”
While the LTE R14 congestion control design primarily targets, the management of the traffic with 100 ms latency and 100ms or above packet generation period, the CBR measurement interval was selected equal to 100ms and CR evaluation interval is equal to 1 second.

If the packet transmission period is significantly shorter than 100 ms, the correlated CBR measurements performed before each short period transmission could be observed. Therefore, in some congestion environments/implementations may lead to consecutive packet drop behaviour. In order to overcome this issue, the reduced CBR measurement duration for short period communication can be used (e.g. for 20 ms packet generation period TCBR = 20 ms or lower can be used).
Observation 2
· In case if further latency reduction is supported and small transmission period becomes baseline mode of operation, the impact on congestion control should be re-evaluated.

6 Summary

In this contribution, we have analyzed different approaches to reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission. Based on the discussion and analysis, we have the following set of observations and proposals:
Observation 1

· Target value to reduce the maximum time b/w packet arrival at L1 and resource selected for transmission is not defined.
· The use case to be addressed by latency reduction enhancement needs to be clarified, including traffic model.
Observation 2
· In case if further latency reduction is supported and small transmission period becomes baseline mode of operation, the impact on congestion control should be re-evaluated.

Proposal 1
· RAN1 needs to discuss and agree on the minimum latency value targeted by the WI.
· At least for 1ms TTI,
· Consider 20ms as a baseline latency target and analyse whether additional L1 enhancements are needed.

· Further study support of 10ms latency and necessary L1 enhancements.
· Do not target latency below 10 ms, unless it is agreed to support short TTI for LTE-V2V communication.
Proposal 2
· Further study mechanisms to reduce the maximum time between packet arrival at L1 and resource selected for transmission.
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