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1 Introduction

At the previous RAN1 WG meetings, the PSCCH and PSSCH resource pool aspects for PC5 V2V communication were discussed. In this contribution, we discuss different design options of PSCCH and PSSCH resource pools for V2V communication. Our views on other V2V communication aspects are provided in [1]-[11].

2 Overview of Conclusions on Resource Pool Structure

According to the previous RAN1 WG discussions, the concept of the resource pool is to be introduced for V2V communication, where resource pool is defined as a set of time/frequency resources where PC5 transmission may occur.
Conclusions on resource pool structure

Based on the overview of working assumptions and agreements made by RAN1 WG so far, the following RAN1 WG decisions relevant to resource pool configuration can be formulated and highlighted:

· PSCCH resource and PSSCH resource are always FDMed from system perspective

· PSCCH can be transmitted for every TB

· PSSCH pool is always associated with PSCCH pool

· In the same TTI,

· PSCCH and PSSCH pools do not overlap at PRB level
· Multiple PSCCH pools (if exist) do not overlap at PRB level
· Multiple PSSCH pools (if multiple PSSCH pools exist) may overlap at PRB level (working assumption)
· For PSCCH and associated PSSCH pool, it is configured whether PSCCH and PSSCH transmission by all the UEs using this pool occur on the same subframe in an adjacent manner, or occur on different subframes
List of opens on resource pool structure

The following list of opens is still under RAN1 WG discussion and is further addressed in subsequent sections of this contribution:

· FFS if LTE Rel.12 pool is reused (PSCCH / PSSCH).
· FFS number of resource pools configured for a UE.
· FFS if number of PSCCH pools is different from number of PSSCH pools.
· FFS how to support geo-based transmission and resource set restriction. Assumed to be discussed in RAN2 WG, however requires further details of resource pool configuration from RAN1.
· FFS dependency of PSCCH and PSSCH resources.
· FFS if any restrictions on the number of PSCCH and PSSCH decodings per subframe.
· FFS support of retransmissions and combining for PSCCH/PSSCH.
· FFS transmission of PSCCH and PSSCH in non-adjacent RBs.
3 General Considerations on Resource Pool Design
The LTE Rel.12 configuration of PSCCH and PSSCH resource pools may be enhanced for sidelink V2V communication. The enhancements can be considered to address the time-critical nature of road-safety communication as well as PC5 sensing for resource selection and support of the geo-based transmission schemes that have been shown to improve reliability of PC5 V2V communication during the study item phase [12].

Proposal 1
· Introduce enhancements of PSCCH and PSSCH resource pool configuration to reduce waiting time for transmission, simplify sensing for PC5 resource (re)-selection and support geo-location based transmission schemes.

In addition, support of retransmissions and combining should be also considered when pool structure is discussed [11]. In the subsequent sections, we provide our views on different enhancements of PSCCH and PSSCH resource pool configurations for V2V communication.

4 Multiplexing of PSCCH and PSSCH Resources
Based on the RAN1 WG agreements, the following three options are possible in terms of PSCCH and PSSCH resource multiplexing for V2V communication (see examples in Figure 1):

· Option 1. FDM from system perspective (TDM from single UE perspective).
· Option 2. FDM from system & UE perspective with non-adjacent RB allocation.
· Option 3. FDM from system & UE perspective with adjacent RB allocation.
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Figure 1: PSCCH and PSSCH multiplexing options
The RAN1 WG agreed that PSCCH and PSSCH resources within the same subframe should be orthogonal (i.e. do not overlap at PRB level) to avoid co-channel interference between PSCCH and PSSCH channels. This agreement imposes certain constraints on flexibility of PSCCH/PSSCH resource allocation. Let’s consider two cases of PSCCH allocations (see examples in Figure 1):
· PSCCH is allocated at the band edges only. In this case, for Option 3 (adjacent allocation) only two PSCCH resources are available per subframe which may not be sufficient for large system bandwidths, given that central part of the PSSCH bandwidth may be underutilized in case of small PSSCH frequency allocations.
· PSCCH is distributed across allocated BW (e.g. in the middle of the system bandwidth and at the band edges). In this case for Option 1 and 2, the maximum bandwidth of PSSCH is reduced two times (due to assumption on contiguous PSSCH allocation in frequency). For Option 3, the maximum PSSCH bandwidth can still be preserved if single PSCCH (allocated in the central part of the bandwidth) can schedule PSSCH from both sides (see Figure 1).

In general all multiplexing options have pros and cons in terms of resource allocation flexibility. However the benefits of Option 2 vs Option 3 and Option 1 are not so evident. Option 1 has advantage in terms of PSCCH link budget relative to Option 2 and Option 3, however may suffer from the increased number of transmissions and in-band emission for mid-high system loadings. Option 3 has advantage over Option 2 in terms of sensing operation, given that PSCCH and PSSCH resource allocation are dependent and thus resource selection decision will help to simultaneously improve performance of both PSCCH and PSSCH. The only benefit of Option 2 is that it may have potentially larger set of PSCCH resources per subframe comparing to Option 3 (e.g. in case of band edge allocation only). However considering that relatively large amount of PRBs is needed for V2V communication it is not obvious whether the increased amount of PSCCH resources can benefit the final data performance. In addition, Option 2 can be viewed as a subset of Option 1 when the timing between PSCCH and PSSCH transmission is set to 0. Based on the discussion and considering the amount of resource pool options and as well as remaining time and efforts to complete V2V WI, we propose to deprioritize the work on at least one of the resource pool configuration options. For instance, the work on support of Option 2 can be deprioritized. Alternatively, it may be considered to have a unified design.
Proposal 2
· Consider to reduce the number of supported resource pool configuration options (e.g. exclude Option 2).
5 Support of Multiple Pools

The priority handling was one of the main motivations to introduce multiple pools in LTE Rel.12 D2D design. For V2V communication, the more dynamic mechanism to handle priority is being developed [9], which is based on sensing and resource (re)selection procedure. In terms of sensing and resource (re)-selection procedure, having single set of resources is beneficial in terms of performance and complexity. From that perspective the support of multiple pools seems not justified. 
On the other hand the support of geo-based transmission for V2V communication and support of pedestrian UEs may be simplified if multiple pools are enabled. The direct reuse of Rel.12 pool configuration framework may result in unnecessary control signaling overhead and additional latency if no enhancements are introduced. Therefore in this contribution we propose a simple mechanism based on subframe sets that can support flexible configuration of time-frequency reuse and spatial isolation.

The support of pedestrian UEs is an additional consideration that needs to be taken into account when support of multiple pools is discussed, given that pedestrian UEs are supposed to randomly select resources for transmission (the latter is not well aligned with the designed sensing operation for V2V communication). Therefore it needs to be further discussed in the framework of V2X work item whether separate pool needs to be considered for pedestrian UEs. In general, this is not desirable since can introduce additional resource fragmentation.
Based on this discussion, we propose to focus on single resource pool configurations for PSCCH and PSSCH. The support of multiple pools can be considered for support of geo-based transmission techniques.
Proposal 3
· Optimize V2V communication design based on single resource pool assumption.
· Further discuss necessity of multiple resource pools to support geo-location based transmission techniques.
6 Enhancements of Resource Pool Configuration

UE procedure to determine subframe pool and resource block pool

The LTE Rel.12 D2D resource pool is composed from subframe and resource block pool which are separately configured indicating time and frequency resources. In order to improve V2V performance, as well as considering forward compatibility and coexistence aspects with other technologies we suggest to improve PSCCH and PSSCH resource configuration.
Configuration of time resources for PSCCH/PSSCH 

The subframe pool is configured by three parameters: offset indicator (with respect to SFN0), period and subframe bitmap:
· Period. This parameter indicates the time interval over which PSCCH and PSSCH resources are allocated. The minimum possible value of this period is 40 ms. Therefore the PSCCH resources cannot appear more frequently that may result in significant waiting time.
· Offset Indicator – This parameter indicates the offset of the first period of pool of resources within a SFN cycle.
· Subframe Bitmap – Bitmap of size (L) indicating subframes that can be used for sidelink transmission within period.
Proposal 4
· The following enhancements are introduced for configuration of time resources:

· Subframe bitmap is repeated till the end of period or the number of repetitions is separately configured.

· Subframe bitmap size (L) is limited by min(L, P) (is truncated according to P, if P < L).
Alternatively, in order to reduce the access time to PSCCH resources in LTE Rel.12 it is possible to allocate multiple pools with different values of offset indicator and proper bitmap initialization so that PSCCH pools do not overlap. However this approach has large signaling overhead and may complicate sensing and resource selection procedures, as well as configuration of system settings.
Configuration of frequency resources for PSCCH/PSSCH

In Rel.12, the frequency resources (resource block pool) are configured by start PRB index, end PRB index and number of PRBs allocated from start and end PRB. In general this resource configuration may be reused at least for PSCCH and PSSCH multiplexing Options 1 and 2, while additional enhancements may be needed for Option 3. In case of Option 3, such configuration may restrict the max number of PSCCH resources per subframe (e.g. two PSCCH resources per subframe per pool). This restriction may degrade system performance for large system bandwidths (e.g. 10, 20 MHz). In order to provide more flexible configuration of frequency resources the similar principle as used for configuration of time resources can be used. In particular, the bitmap mechanism over PRBs indicating the PSCCH resource blocks can be used (e.g. from the start and/or end PRB). On top of that the periodicity and number of bitmap repetitions can be configured. The new principle can be extended for all PSCCH and PSSCH multiplexing options.
Proposal 5
· The following enhancements are introduced for configuration of frequency resources:

· Bitmap mechanism is defined to indicate orthogonal resource blocks available for PSCCH and PSSCH transmission. The granularity of two or more PRBs is considered for bitmap indication.
The alternative but less flexible mechanism of resource allocation may be based on partitioning of available frequency resources on sub-channels, where selected subset of PRBs is allocated for PSCCH transmission in a selected set of sub-channels, while all remaining resources belong to PSSCH.
7 On PSCCH and PSSCH Transmission Window Start Time

Enhancement of LTE Rel.12 design – support of UE-specific transmission windows
In LTE Rel.12 D2D design, subframes and resource blocks for transmission of PSCCH and PSSCH are randomly selected within resource pool allocation period. This period (transmission window) is common across UEs and defines periodical cell-specific transmission windows within SFN cycle. As a result multiple pool boundaries (common across UEs) are introduced within SFN cycle. The latter affects the access time and timing relationship of PSCCH/PSSCH increasing latency and collision probability as it was shown during the study item phase.
For sensing based V2V communication, with real-time quasi-periodical traffic and randomized packet arrival time, the access time to PSCCH/PSSCH resources should be minimized in order to increase duration of resource selection/transmission window and distribute UE’s transmission across time resources. In order to achieve it, we propose to remove notion of common (cell-specific) period associating PSCCH and PSSCH resources. Instead, the UE-specific access to PSCCH and PSSCH resources, based on transmission window with UE-specific start time, period and semi-persistent resource allocation window is proposed. This option may be especially beneficial in case of PSCCH and PSSCH multiplexing in the same subframe.
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Figure 2: UE-specific PSCCH/PSSCH transmission window start time.

Proposal 6
· PSCCH and PSSCH transmission windows with UE-specific transmission window start time are supported.

· Durations of PSCCH and PSSCH transmission windows are common across UEs and configured by network.
Reuse of LTE Rel.12 design – cell-specific transmission windows
The proposed above resource allocation based on UE-specific transmission windows does not allow combining of multiple PSCCH retransmissions since there is no common PSCCH pool boundary, while combining of PSSCH (re)transmissions is still supported [11]. If it is deemed necessary to support combining of PSCCH retransmissions, then PSCCH pool structure with common pool boundary across UEs may be preserved. In this case, the LTE Rel.12 PSCCH pool configuration with cell specific transmission windows may be reused with additional enhancements. First of all, the additional period values should be defined e.g. 5, 10, 20, 25 ms in order to reduce time granularity to access PSCCH resources and align the resource configuration with V2V traffic periodicity. It will also facilitate more efficient support of geo-based transmission schemes based on spatial reuse of time-frequency resources. As a second modification, the timing relationship between PSCCH and PSSCH needs to be modified. The PSSCH (re)transmission should be scheduled only after PSCCH pool boundary and within configurable range of time (e.g. PSSCH transmission window). The timing relationship between PSCCH and PSSCH resource may be determined by SCI content with respect to PSCCH pool boundary or with respect to the latest SCI (re)-transmission instance within PSSCH transmission window.
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Figure 3: UE-common PSCCH & PSSCH transmission windows.

Proposal 7
· For legacy PSCCH pool configuration, the following enhancements are considered:

· Additional period values (5, 10, 20, 25 ms) are introduced for PSCCH resource configuration;
· Transmission window for PSSCH is defined relative to the end of PSCCH pool period used for SCI transmission;
· Duration of PSSCH transmission window (period) is independently configured and is common across UEs.

8 Linkage of PSCCH and PSSCH Resources

The linkage of PSCCH and PSSCH resources may help to improve sensing performance. For resource allocation Option 3, the PSCCH and PSSCH resources always accompany each other (i.e. adjacent). For other resource allocation option the linkage of PSCCH and PSSCH resources may not be so beneficial. For instance in case of Option 1, the PSSCH and PSCCH resources are transmitted on different subframes and have different sets of interferers at least in terms of in-band emissions. Therefore it may be more appropriate to randomize PSCCH resource selection.
9 Support of Geo-Location Based Transmission

The utilization of geo-location information can improve V2V performance especially at large distances due to reduced impact from in-band emission, hidden node problem and co-channel interference [12]. It was agreed by RAN1 WG that transmission resources can be restricted based on UE geo-location information. In order to efficiently support time-frequency reuse and spatial isolation, the proper mapping of PSCCH and PSSCH spectrum resources to geo-location information should be enabled. While it was agreed that RAN2 can work on definition of geo-location mapping it is important to enable proper partitioning of resources in order to meet V2V latency requirements. Following the Rel.12 design principle the straightforward solution is to associate geo-location information with different resource pools. Alternatively if only single resource pool is available the subframes within a pool can be divided into multiple subframe sets associated with geo-location information. The interlaced subframe patterns within common resource pool seems the most appropriate design option and benefits from reduced latency, which is critical for V2V communication. 
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Figure 4: Association of geo-location information with multiple subframe sets

Therefore we have following proposals:

Proposal 8
· In case if multiple resource pools are configured the geo-location information is associated with resource pool.
· Geo-based transmission principle is also supported for the case of single resource pool:
· PSCCH and PSSCH resources within a resource pool are partitioned on subframe sets.
· Number of subframe sets is configured by eNB (up to four subframe sets are supported).
· Subframe Set ID is determined by equation (e.g. mod(subframe index in pool, # of subframe sets) = SubframeSetID

· Geo-location information is mapped to Subframe Set ID.
10 Conclusion

In this contribution, we discussed resource allocation aspects for V2V communication. In order to extract additional performance benefits from resource allocation, we propose several enhancements of PSCCH and PSSCH resource configuration aiming to improve the following aspects: 1) reduce access time to control channel resources, 2) enhance resource selection capabilities and 3) reduce sensitivity to in-band emissions and half-duplex effects. In addition, we believe that single pool of PSCCH and PSSCH resources may be sufficient for V2V communication and more beneficial for sensing operation, especially if the principle of UE specific transmission windows is agreed.
Proposal 1
· Introduce enhancements of PSCCH and PSSCH resource pool configuration to reduce waiting time for transmission, simplify sensing for PC5 resource (re)-selection and support geo-location based transmission schemes.
Proposal 2
· Consider to reduce the number of supported resource pool configuration options (e.g. exclude Option 2).
Proposal 3
· Optimize V2V communication design based on single resource pool assumption.

· Further discuss necessity of multiple resource pools to support geo-location based transmission techniques.
Proposal 4
· The following enhancements are introduced for configuration of time resources:

· Subframe bitmap is repeated till the end of period or the number of repetitions is separately configured.

· Subframe bitmap size (L) is limited by min(L, P) (is truncated according to P, if P < L).
Proposal 5
· The following enhancements are introduced for configuration of frequency resources:

· Bitmap mechanism is defined to indicate orthogonal resource blocks available for PSCCH and PSSCH transmission. The granularity of two or more PRBs is considered for bitmap indication.
Proposal 6
· PSCCH and PSSCH transmission windows with UE-specific transmission window start time are supported.

· Durations of PSCCH and PSSCH transmission windows are common across UEs and configured by network.
Proposal 7
· For legacy PSCCH pool configuration, the following enhancements are considered:

· Additional period values (5, 10, 20, 25 ms) are introduced for PSCCH resource configuration;

· Transmission window for PSSCH is defined relative to the end of PSCCH pool period used for SCI transmission;

· Duration of PSSCH transmission window (period) is independently configured and is common across UEs.
Proposal 8
· In case if multiple resource pools are configured the geo-location information is associated with resource pool.

· Geo-based transmission principle is also supported for the case of single resource pool:

· PSCCH and PSSCH resources within a resource pool are partitioned on subframe sets.
· Number of subframe sets is configured by eNB (up to four subframe sets are supported).
· Subframe Set ID is determined by equation (e.g. mod(subframe index in pool, # of subframe sets) = SubframeSetID

· Geo-location information is mapped to Subframe Set ID.
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