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1 Introduction

The configuration of D2D resource pools for Scheduling Assignments (SA), Mode-2 Data communication [1] and Discovery was agreed at the RAN1#78 and RAN1#78bis meetings. In this contribution, we discuss additional aspects of resource pools configuration and related open issues focusing on overlap of the D2D resource pools of the same type.
2 Overlap of D2D Resource Pools

The RAN1 WG needs to decide whether the potential overlap between D2D resource pools should be handled by specification or considered as an error case. Given current RAN1 WG agreements on D2D resource pool configurations, the Mode-1 D2D operation comprises all UL spectrum resources. It means that Mode-2 SA and Data, as well as Discovery pools, if configured, are defined within Mode-1 resources. In addition, if multiple pools are configured (up to 4) it may be difficult to avoid overlap between Discovery, SA and Data pools, especially, if small “saPeriod” is configured with large number of subframes utilized for data transmission. In general case, D2D resource pools may overlap in time and frequency. In the following sections of this document, we discuss overlap in time (at subframe level) and discuss potential D2D TX behavior. Moreover in this document we focus on overlap issues for the D2D pools of the same type. However, as we notice there may be two different scenarios of pool overlapping from the D2D transmitter perspective:
· Scenario 1: Overlap of D2D resource pools of the same type:
· Overlap among multiple Mode-2 SA pools. RAN1 has agreement that “the UE shall not expect to be (pre-) configured with SA pools which overlap”. According to this agreement, SA resources should not fully overlap in time and frequency. However it is still possible to have SA pools which do not overlap in frequency but do overlap in time, which is also confirmed by RAN1 WG agreement stating that “In a given subframe, the maximum supported size of the combined SA resource pools (i.e. the sum of the mode 1 and mode 2 SA resource pools) is 50”. This statement implies that Mode-2 SA pools may overlap in time (FDM), if combined resource pools do not cause more than 50 blind decoding attempts per subframe.
· Overlap among multiple Mode-2 Data pools. As for multiple Mode-2 Data pools there were no RAN1 discussion / conclusion on whether multiple Mode-2 data pools can overlap in time and frequency or not and what should be UE TX behavior in such cases, if it wants to transmit in multiple pools.
· Overlap among Type 1 Discovery pools. Similar to the case of Mode-2 Data pools, it needs to be further discussed whether multiple Type 1 discovery TX pools may overlap in time and frequency. Certainly, they may overlap in time-only, i.e., multiplexed via FDM at the system level.
· Overlap among Type 2B Discovery pools. Considering that one of the main motivations for Type 2B discovery is to avoid resource collisions, multiple Type 2B discovery TX pools should not overlap in time and frequency. However, multiple Type 2B discovery TX pools may be multiplexed using FDM at the system level.
· Scenario 2: Overlap of D2D resource pools of different types. Handling of the potential overlap of D2D resource pools having different types was discussed in details in our companion contribution [2]:
· Overlap between SA and Data;

· Overlap between SA and Discovery;

· Overlap between Data and Discovery;

· Overlap between Mode-1 and Mode-2 (Data or SA);
· Overlap between Type 1 and Type 2B Discovery. 

3 Overlap of D2D Data Resource Pools of the Same Type
3.1 On Amount of SA Resources per Pool and Amount of SA Pools

According to the RAN1 WG agreement, at any given time instance, up to 4 transmission pools can be available for selection at L1 for Mode-2 SA and Data. Another RAN1 WG agreement states that “the number of HARQ processes per D2D TX is 1 per destination ID”. However, according to our understanding, these agreements do not preclude transmission to multiple destination IDs within a single pool, as well as transmission to different destination IDs in different pools.

Observation 1
· RAN1 needs to discuss if UE can select multiple SA resources within SA pool or multiple SA pools for transmission to different destination IDs.

Further in this section, we introduce related design assumptions and discuss potential D2D TX behavior when D2D resource pools of the same type overlap.

Design Assumptions
· By default, an UE assumes single SA resource per SA pool and multiple SA pools available for transmission, unless maximum number of SA resources within pool and/or SA pools (or subset of pools) for transmission are configured by eNB.
· An eNB can configure maximum number of SA resources (e.g. 1 or 2) per SA pool or SA pools, which can be used by UE for transmission to different destination IDs.
· If usage of multiple (e.g. two) SA resources within pool is enabled, UE is expected to transmit on time orthogonal SA and Data resources.
Under formulated assumptions, there are several design alternatives how to handle overlapped Mode-2 pools in the LTE Rel.12:

· Alt. 1. Prohibit overlap of the D2D TX resource pools by specification. In our view this alternative is the simplest way to reduce further specification efforts in Rel.12. However it may complicate D2D resource configuration and has impact on resource management flexibility. In addition, it contradicts current RAN1 WG agreements and may also require confirmation from RAN2 and SA WGs.
· Alt. 2. Restrict the maximum amount of pools used by UE for transmission (e.g. one pool at a time). This alternative simplifies D2D TX implementation, but its validity requires feedback/confirmation from RAN2 and SA WGs.
· Alt. 3. Mandate D2D TX to operate in non-overlapped pools only or select T-RPTs in order to avoid overlap in time. This solution may not always be feasible (depending on pool configuration) and may also significantly complicate D2D transmitter behavior.
· Alt. 4. Define pool usage index and/or pool priorities that can be used to define UE TX behavior. This alternative may be considered as a flexible design choice that may further evolve in future LTE releases.
· Alt. 5. Leave pool selection up to UE implementation. This alternative may have coexistence/compatibility issues with D2D evolution in future LTE releases.
In our view, the Alt. 4 may be considered as an appropriate way to handle the issue with Mode-2 pool overlapping and can also substantially reduce D2D standardization efforts in the LTE Rel.12 timeframe, if agreed.
Observation 2
· Definition of pools usage indexes and/or priorities is a reasonable way forward to handle the potential overlap issues between D2D pools of the same type.

3.2 Mode-2 Pool Usage Index and Selection Criteria
At the last RAN1 WG meeting, it was agreed that RRC signaling can be used for Discovery to “indicate a usage index per pool to reserve the pool for specific usages” with further details left to RAN2 WG. Assuming that several pools have the same usage index, the network can also configure discovery pool selection method, i.e. random or RSRP based. The main motivation for introduction of usage index was differentiation between commercial and PS discovery. There may be additional motivation such as for example support of different discovery ranges, etc.
The similar concept may be applied to communication pools. The amount of usage criterions for communication pools may be even larger than for discovery and may include: e.g. differentiation of PS and commercial services, handling of different traffic types (e.g. high or low data rate, real time and non-real time, latency considerations, etc.), or QoS related aspects, and priority issues, Mode-1 and Mode-2 switching, introduction of pools for L2 control and pools for data, classification of terminals (or UE prioritization), seamless operation in partial coverage case, etc. Therefore in our view, the Mode-2 pool selection criterion may be also configurable by the network, similar to the agreement on discovery.

Introduction of usage index can be also justified from the D2D receiver perspective, since the usage index can be applied to determine the pools of interest for reception and thus reduce the amount of UE processing and power consumption.
In order to control UE selection of Mode-2 pools by the network, the additional pool selection criteria and conditions can be configured by network and linked with the pool usage index. The usage index for Mode-2 communication pools can be also used in future LTE releases to provide new D2D functionality in terms of resource usage and differentiate the pools in terms of interference management, etc.
Proposal 1
· For Mode-2 communication (Mode-2 SA and Data), the pool usage index is defined and configured using cell specific RRC signaling.

· The usage index is linked/associated with the conditions configured by network / eNodeB that should be satisfied to utilize the particular Mode-2 pool for transmission/reception. Further details are discussed in RAN2.
· If Mode-2 pool usage index is not configured, it is up to UE implementation which pool to use for D2D transmission/communication. The UE can select the relevant pool for direct traffic transmission.
In the absence of configured pool usage index or if there are several pools with the same usage index, the UE may randomly select the pool for transmission or select the relevant pool based on UE implementation. Alternatively, eNB may configure pool priorities instead of usage index or on top (i.e. jointly) with usage index.
3.3 Pool Re-Selection
The pool re-selection can be done among pools with the same usage index or if usage index is not indicated. If Mode-2 pool usage indexes are configured by the network, the UE should transmit in appropriate pool according to the criterion and conditions associated with the particular usage index. If Mode-2 usage indexes are not configured, it is up to UE to decide on the pool re-selection, however in this case we suggest to introduce the L2 signaling in order to inform D2D receivers about upcoming switching among Mode-2 pools in order to simplify tracking of D2D TXs at the D2D RX side.
3.4 Pool Priorities

In addition to usage index, eNB/network may signal/configure the Mode-2 pool priorities (or pool switching priorities). The priority indicators can be used by network/eNB to define the switching order, when UE transits from Mode-1 to Mode-2 pool or between Mode-2 pools. In addition, the pool priority can be used to explicitly resolve the conflicts, if Mode-2 pools with the same usage index overlap in time and thus D2D TX needs to drop the D2D transmission in one of the pools.
Proposal 2
· L2 signaling is defined to inform receivers about D2D TX pool switching.

· For Mode-2 communication (Mode-2 SA and Data), the eNB can configure the Mode-2 pool switching priorities, to explicitly control pool selection in case of conflict.

3.5 Simultaneous Transmission in Different Pools

If D2D TX operates in two overlapping Mode-2 data pools, the D2D TX behavior may need to be clarified. One of the potential UE behaviors is to minimize the collision of transmissions within a pools by selecting proper T-RPT within each pool, however it may not always be feasible and it depends on pool configuration. Therefore, we believe that in this case the appropriate D2D TX behavior needs to be defined. The more details on these aspects can be found in our companion contribution [3]. For instance the following behavior can be foreseen:

1) Skip or drop the whole MAC PDU transmission over transmission opportunity bundle (4 TTIs used to carry one MAC PDU) in one of the pools, if there is at least one conflicting TTI;
2) Drop MAC PDU transmission instances at the conflicting subframes (TTIs) in one of the pools.

If pool priorities are defined, the UE should transmit in one of the pools having higher priority and drop transmission in a lower priority pool. If pool priorities are not specified, the dropping behavior may be considered as an UE implementation issue.
3.6 D2D Receiver Behavior

Given that large number of RX pools can be configured without any limitations on pool configurations, the amount of pools monitored by UE needs to be discussed. In our view, the amount of Mode-2 pools monitored by D2D receiver should not be mandated by specification. It should be left up to UE implementation to decide how many and which pools to monitor, e.g. according to the signaled pool usage index information and maximum number of monitored pools supported by UE. Subject to UE capability, eNB may configure UEs to monitor predefined number of default pools, while monitoring of the remaining pools may be left up to UE implementation.

Proposal 3
· An eNB can indicate default pool(s) to be monitored by UEs (e.g. Mode-1 pool and/or default Mode-2 pool).
4  Mode-1 and Mode-2 Considerations

The communication capable UEs may potentially operate in two modes at a time Mode-1 and Mode-2 at different subframes (subframe level). It needs to be confirmed by RAN2 and SA WGs, if such UE behavior needs to be supported or it is sufficient if UE operates using one mode at a time.

Proposal 4
· Consult with RAN2 WG, if Mode-1 and Mode-2 capable UEs should be able to operate in both modes at different subframes.

· Mode-1 transmission (either SA or Data) have higher priority than the Mode-2 (SA and Data).

5 Overlap of D2D Discovery Resource Pools of the Same Type
5.1 Overlap among Type 1 Discovery Pools

At the RAN1 #78bis meeting, it was agreed to define usage index for discovery resource pools to reserve the pool for specific usages. Accordingly, in case of overlaps between multiple Type 1 discovery pools with different usage indices, the TX UE should transmit only on the pool for which it is eligible to transmit. 
Further, the RAN1 agreement states that the RSRP-based or random resource pool selection would be applied if there are multiple pools with the same usage index. However, depending on the exact definitions of the usage indices, there may be situations wherein a UE is eligible to transmit on multiple resource pools with different usage indices. For such cases, if the pools overlap in time and frequency or even multiplexed via FDM, the UE can select one of the resource pools for transmission randomly or it can also be left to UE implementation.
Proposal 5
· If multiple Type 1 discovery TX pools are equivalent to a UE in terms of the UE’s eligibility to transmit considering usage index and RSRP based pool selection, and these TX pools overlap in time and frequency or only in time-domain from the single UE’s perspective, then the UE selects one of the TX pools to transmit on based on either random selection or up to UE implementation.
5.2 Overlap among Type 2B Discovery Pools
Considering that one of the main motivations for Type 2B discovery is to avoid resource collisions, multiple Type 2B discovery TX pools should not overlap in time and frequency. 

However, multiple Type 2B discovery TX pools may be multiplexed using FDM at the system level. For the latter case, the eNodeB should not allocate discovery resources belonging to the FDM-ed resource pools to a single UE. This is to avoid situations wherein the UE may be expected to transmit on discovery resources that are non-contiguous in frequency on the same subframe. Note that, depending on the exact dimensions and hopping parameters configured for each of the pools, such time-domain collisions may happen at the TX UE due to inter-period Type 2B resource hopping even if the initial allocation of the discovery resources are on different subframes. 

Alternatively, no such restrictions may be imposed in terms of scheduling of Type 2B discovery resources across multiple Type 2B resource pools and a TX UE is allowed to drop one of the discovery message transmission in case of time-domain collisions based on UE implementation. However, to simplify TX UE behavior and Type 2B resource allocation, the first option of prohibiting UE-specific discovery resource allocation belonging to multiple FDM-ed Type 2B discovery TX pools is preferred. 

Finally, it should be noted that it is not prohibited that multiple Type 2B discovery resources are allocated to a single UE within the same Type 2B discovery resource pool; for instance, in response to multiple Type 2B discovery resource requests from the UE for different applications.
Proposal 6
· Multiple Type 2B discovery TX pools should not overlap in time and frequency.
· If multiple Type 2B discovery TX pools are multiplexed using FDM at the system level, the same UE is not allocated UE-specific discovery resources belonging to the multiple FDM-ed Type 2B discovery TX pools.
6 Conclusions

In this contribution, we discussed potential overlap between D2D resource pools of the same type and additional signaling associated with D2D resource pools that may be used to define the proper UE (D2D TX) behavior in such cases. Based on the discussion presented in the document we have the following list of proposals:
Observation 1
· RAN1 needs to discuss if UE can select multiple SA resources within SA pool or multiple SA pools for transmission to different destination IDs.

Observation 2
· Definition of pools usage indexes and/or priorities is a reasonable way forward to handle the potential overlap issues between D2D pools of the same type.
Proposal 1
· For Mode-2 communication (Mode-2 SA and Data), the pool usage index is defined and configured using cell specific RRC signaling.

· The usage index is linked/associated with the conditions configured by network / eNodeB that should be satisfied to utilize the particular Mode-2 pool for transmission/reception. Further details are discussed in RAN2.

· If Mode-2 pool usage index is not configured, it is up to UE implementation which pool to use for D2D transmission/communication. The UE can select the relevant pool for direct traffic transmission.
Proposal 2
· L2 signaling is defined to inform receivers about D2D TX pool switching.

· For Mode-2 communication (Mode-2 SA and Data), the eNB can configure the Mode-2 pool switching priorities, to explicitly control pool selection in case of conflict.

Proposal 3
· An eNB can indicate default pool(s) to be monitored by UEs (e.g. Mode-1 pool and/or default Mode-2 pool).
Proposal 4
· Consult with RAN2 WG, if Mode-1 and Mode-2 capable UEs should be able to operate in both modes at different subframes.

· Mode-1 transmission (either SA or Data) have higher priority than the Mode-2 (SA and Data). 

Proposal 5
· If multiple Type 1 discovery TX pools are equivalent to a UE in terms of the UE’s eligibility to transmit considering usage index and RSRP based pool selection, and these TX pools overlap in time and frequency or only in time-domain from the single UE’s perspective, then the UE selects one of the TX pools to transmit on based on either random selection or up to UE implementation.
Proposal 6
· Multiple Type 2B discovery TX pools should not overlap in time and frequency.
· If multiple Type 2B discovery TX pools are multiplexed using FDM at the system level, the same UE is not allocated UE-specific discovery resources belonging to the multiple FDM-ed Type 2B discovery TX pools.
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