


[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Ref446688366]3GPP TSG RAN WG1 Meeting #86bis	 	R1-1609734
Lisbon, Portugal, 10-14 October 2016

Source: 	Ericsson
Title:	Support for smaller resource reservation periods in V2X
Agenda Item:	7.2.1.5.5
Document for:	Discussion and Decision

[bookmark: _GoBack]Introduction
The WI on V2X was revised at RAN#73 with an updated scope, see [1].
One of the objectives added to the WID was:
	6) To specify other enhancements to PC5/Uu for V2X on the following aspects:
j) Support for traffic with smaller periodicity on PC5 based V2V using shorter resource reservation period   [RAN1, RAN2]
i) A solution not agreed by RAN1#86bis/RAN2#95bis shall not be considered for standardization.



This document analyzes the impact on the current specifications and related functionality due to the support of a shorter reservation period together with a list of proposals.
Background
In the work on V2V resource reservation has been defined with a granularity of 100 ms, determined by expected traffic patterns. The resource reservation is signaled in the SCI, and hence the SCI needs to be decoded in order for other UEs to respect the resource reservation. In a given subframe N, resources can be reserved for subframe N+100, N+200, …, or N+1000.
It should be noted that there is nothing preventing the UE from transmitting with a periodicity lower than 100 ms, but in this case resource reservation cannot be used, and hence the risk of collision will increase. 
Interest has been expressed to specify a shorter resource reservation period where for example a 50 ms granularity can be supported, which would enable support for a wider range of traffic scenarios. This was also the reason for including it in the updated WID, see [1].
Some aspects in the feature design need however to be considered to allow a shorter resource reservation granularity, as elaborated below.
Shorter resource reservation period
To accommodate traffic characteristics with periods shorter than 100 ms, it is proposed to add two more possible reservation periods of 20 ms and 50 ms to the existing set. This will allow for a high level of flexibility while at the same time limit the increase in number of reservation periods from 10 to 12.  It can also be noted that 3GPP SA1 has defined a latency requirement of 20 ms in the pre-crash sensing warning use-case, see 3GPP TR 22.885 [5].
For more motivation of the selected periods and its relation to the current specification, see sections 4-6.


Figure 1: Resource reservation periods
Proposal 1: Two resource reservation periods of 20 ms and 50 ms are added to the already existing set of 100N ms (where N=1-10)
Impact from a shorter reservation period to current specification
Sidelink Control Information (SCI)
The current SCI format 1 was introduced for V2V and is associated with sidelink transmission mode 3 and sidelink transmission mode 4.
The content is provided below (see [2]):
	Priority:
	3 bits

	Resource reservation:
	4 bits

	Frequency resource location:
	Variable number of bits

	Time gap between initial transmission and retransmission:
	4 bits

	Modulation and coding scheme:
	5 bits

	Retransmission index:
	1 bit

	Reserved information bits:
	Added until the size of the SCI format 1 is equal to 32 bits


The Priority is relating to different ProSe Per-Packet Priorities (PPPP) and hence are not impacted by the change in resource reservation. 
The Resource Reservation field of 4 bits define 11 of the 16 available code points for resource reservation. One code point is used when no resources are reserved, and ten code points are defined for the existing 100 ms steps (see section 3). Since 5 code points are left in the current Resource Reservation field, the two new proposed reservation periods can be accommodated by the same IE.
Observation 1: Five unused code points are available in the Resource Reservation IE in SCI format 1
The Time gap between initial transmission and retransmission is a four bit field indicating the separation in time in terms of subframes between the initial transmission and the retransmission (if used, as indicated by Retransmission index). It would be undesirable to have a time gap of transmission and retransmission that exceeds the resource reservation period, in which case a packet initially transmitted earlier in time, for example containing a vehicle position, could be delivered later than the subsequent packet (containing an updated position). Since the maximum time gap is 15 subframes, the resource reservation period should not be chosen shorter than this, if the existing coding of the field is to be kept.
Observation 2: A resource reservation period should not be chosen smaller than the maximum “Time gap between initial transmission and retransmission” (15 ms) to avoid out-of-sequence delivery of packets
The remaining fields of Frequency resource location (defining the allocation in the frequency domain) and Modulation and coding scheme (indicating the Modulation and coding scheme used) will not be impacted by the use of additional resource reservation periods.
Hence, the only impact foreseen to the SCI format 1 is the definition of two additional resource reservation periods of 20 ms and 50 ms in the Resources reservation field.
Proposal 2: The two additional resource reservation periods are signaled by available code points in the Resource Reservation field in SCI format 1
Resource selection
Selection of resource subset
For a UE performing resource selection in sidelink transmission mode 4, there are some restrictions in the possible resource that are available for selection, see [2]. More specifically, resources are excluded if a SCI is decoded where resource reservation by another V-UE is indicated, or if energy sensing of resources has resulted in exclusion of resources. 
The possible pool of available resources, from which resources are excluded due to SCI decoding or energy sensing is determined by the V-UE under the restrictions that the time interval shall start at ‘n+T1’ and end at ‘n+T2’ where T1≤4 and 20≤T2≤100, with the exact values up to UE implementation. Prior to performing the resource selection, the V-UE shall have monitored subframes n-1001, … ,n-2.
An example is provided in figure 2 where the V-UE has monitored (sensed) subframes 3020-4019, and then selects 4025-4120 (4025 being within the allowed T1 region, and T2 being within the allowed T2 region) as its subset of resources for resource selection.


Figure 2: Resource selection
As with the Time gap between initial transmission and retransmission, see section 4, the subset of resources chosen should not exceed the traffic periodicity, since the resource selection is only performed for the next block to be transmitted.
Observation 3: The subset of resources used for resource selection should not be chosen so that the resource subset exceeds the packet periodicity
Energy metric
Apart from decoding the scheduling assignment in the SCI during the sensing period, the V-UE is also required to perform energy measurements in an attempt to detect a periodicity in the traffic pattern where another V-UE is transmitting, and if an energy level is detected above a pre-defined threshold, exclude the associated resources from the resource selection. The energy sensing performed for a possible resource selection in subframe ‘m’ is a linear average of the S-RSSI in subframes ‘m-100k‘ where k (an integer) is chosen for S-RSSI to span the sensing period. This is based on the assumption that UEs traffic has a periodicity that is a multiple of 100 ms. Assume for example a traffic periodicity of 500 ms for a transmitting V-UE, and no other V-UEs transmitting over the sensing period, then the energy metric would include seven subframes where no/low energy is detected, and two where a transmission is detected (but the averaging still performed over all 9 measured subframes). 
Supporting a shorter resource reservation period will allow for a more flexible system, supporting a wider range of periodic traffic patterns. The most commonly used period is still expected to be 100 ms, which motivates a separate energy sensing for the two additional reservation periods of 20 ms and 50 ms, not to skew the energy sensing metric for 100 ms periodicity. 
Proposal 3: A separate energy sensing should be performed for each shorter resource reservation period, in addition to the 100 ms periodic sensing
In order to keep the energy sensing algorithm simple, it is proposed that the linear averaging is performed over the same number of subframes irrespective of sensing periodicity. This means that for a 50 ms resource reservation period the S-RSSI is collected over the last 500 ms of the sensing period, while for a 20 ms resource reservation period the S-RSSI is collected over the last 200 ms of the sensing period, as illustrated in figure 3. 


Figure 3: Sensing period depending on resource reservation period
Proposal 4: The period over which S-RSSI is collected is scaled according to the reservation reduction. For example, for a 50 ms reservation period S-RSSI is collected over 500 ms, and for a 20 ms reservation period over 200 ms
The resulting, up to three (E100,200, …, 1000 ms, E50, E20), calculated energy metrics are separately compared to the currently predefined energy threshold by the network to determine if any of them exceed the threshold. 
Proposal 5: The calculated, up to three, energy metrics are each compared to the predefined energy threshold to see if any of them exceed it. If not, the resource is considered free.
V2V Pool
One problem that has been highlighted with the V2V pool is that it needs to be compatible with the overall LTE framestructure with a repetition period of 1024 frames to avoid ambiguous resource allocation, sensing activity etc. A set of proposals are listed in [4] to ensure that resource related activities for V2V are unambiguous. It is observed that as long as the shorter resource reservation period is chosen as evenly divisible by 100 ms (the current granularity) no additional ambiguity should arise from shorter resource reservation periods being defined.
Observation 4: Additional shorter resource reservation periods should be chosen to be evenly divisible by 100 ms (e.g. 20 ms and 50 ms) to avoid ambiguity in resource handling
0. Semi-Persistent Scheduling
For sidelink transmission mode 3 where the network is under control of scheduling sidelink resources, semi-persistent scheduling (SPS) is used. In order for sidelink transmission mode 3 to support the same traffic periodicity as in sidelink transmission mode 4 (outlined above), the SPS periods need to be defined to support all periods in figure 1. Currently SPS down to 50 ms is supported and hence only a 20 ms scheduling periodicity need to be added.
Proposal 6: One additional SPS period of 20 ms shall be supported for sidelink transmission mode 3
Impact on V2P
Resource pools configured for sidelink transmission mode 4 may both include V2P and V2V communications where sensing is used to access the resources. In case of V2P, the sensing is performed on a subset of the resources during the sensing window, referred to as partial sensing. In order to ensure that all possible resource reservations from other UEs are decoded, the P-UE would have to monitor the subframes where reservation can be signaled for the subframe that the P-UE considers for transmission, see [6].When reducing the shortest reservation period from 100 ms to 20 ms, this will hence have and impact on the amount of resources that need to be monitored, and consequently will impact the energy consumption of the P-UE that uses partial sensing.
Observation 5: A shorter resource reservation period could substantially increase the energy consumption of P-UEs using partial sensing
As is shown in the Annex, if assuming the partial sensing approach outlined in [6], the minimum energy consumed, when using partial sensing, assuming the current minimum resource reservation period of 100 ms, is 0.113 energy units / subframe considered for transmission. If also including a 50 ms reservation period, the energy consumption is increased by 9 %, while a 20 ms minimum reservation period increases the energy consumption by 35 %. 
Considering that there is already a substantial increase in energy consumption comparing a P-UE that uses random resource selection with a P-UE performing partial sensing, see e.g. [6], additional negative impacts to battery lifetime should be avoided by the introduction of a shorter resource reservation period.
A straightforward way to achieve this is to allow configuration of resource pools depending on the minimum resource reservation period allowed. 
Proposal 7: A resource pool shall be possible to configure with a minimum resource reservation period allowed, to minimize energy consumption of sensing P-UEs
As an example, figure 4 shows a configuration of two resource pools where one is configured for a lowest reservation period of 20 ms, and the other configured for a lowest reservation period of 100 ms.


Figure 4: Configuration of two resource pools based on different minimum resource reservation periods

Conclusions
The document has discussed the support of shorter resource reservation periods for V2P where the following has been observed and proposed:
Observation 1: Five unused code points are available in the Resource Reservation IE in SCI format 1
Observation 2: A resource reservation period should not be chosen smaller than the maximum “Time gap between initial transmission and retransmission” (15 ms) to avoid out-of-sequence delivery of packets
Observation 3: The subset of resources used for resource selection should not be chosen so that the resource subset exceeds the packet periodicity
Observation 4: Additional shorter resource reservation periods should be chosen to be evenly divisible by 100 ms (e.g. 20 ms and 50 ms) to avoid ambiguity in resource handling
Observation 5: A shorter resource reservation period could substantially increase the energy consumption of P-UEs using partial sensing

Proposal 1: Two resource reservation periods of 20 ms and 50 ms are added to the already existing set of 100N ms (where N=1-10)
Proposal 2: The two additional resource reservation periods are signaled by available code points in the Resource Reservation field in SCI format 1
Proposal 3: A separate energy sensing should be performed for each shorter resource reservation period, in addition to the 100 ms periodic sensing
Proposal 4: The period over which S-RSSI is collected is scaled according to the reservation reduction. For example, for a 50 ms reservation period S-RSSI is collected over 500 ms, and for a 20 ms reservation period over 200 ms
Proposal 5: The calculated, up to three, energy metrics are each compared to the predefined energy threshold to see if any of them exceed it. If not, the resource is considered free
Proposal 6: One additional SPS period of 20 ms shall be supported for sidelink transmission mode 3
Proposal 7: A resource pool shall be possible to configure with a minimum resource reservation period allowed, to minimize energy consumption of sensing P-UEs
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Annex
Model from [7]





(23 dBm output power)
For simplicity, it is assumed in the calculations below that energy consumption due to the UE being in light sleep applies to each subframe.
Baseline UE (see [4])

P2V with 10 ms sensing per 1000 ms

P2V with 20 ms sensing per 1000 ms

P2V with 50 ms sensing per 1000 ms
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