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1 Introduction

The configuration of D2D resource pools for Scheduling Assignments (SA), Mode-2 Data communication and Discovery was agreed at the RAN1#78 and RAN1#78bis meetings. In this contribution, we consider additional aspects of D2D resource pools configuration and related open issues mainly focusing on the following aspects:
· Overlap between D2D resource pools of different types;
· Additional signaling and UE TX behavior to handle overlapped D2D resource pools of different types.
2  Overlap of D2D Resource Pools

The first question that needs to be decided by RAN1 WG is 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 different pool types (Discovery, SA and Data), especially, if small “saPeriod” is configured with large number of subframes utilized for data transmission. In general, resource pools may overlap both 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. In addition, we note that there may be two different scenarios of pool overlapping from D2D transmitter perspective:
· Overlap of D2D resource pools of the same type (e.g. Data & Data, SA & SA, etc.). Handling of the potential overlap of D2D resource pools of the same type was discussed in our companion contribution [2].
· Overlap of D2D resource pools of different types:
· 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.
2.1 Configuration of D2D Resource Pools
The SA, Data and Discovery resource pools have similar configurations defined by three main parameters in time as described in Table 1. 
Table 1. Summary of D2D resource pool configuration parameters
	
	Mode 2 SA and Data; Mode-1 SA
	Discovery (Type1 & 2)
	Sync Resources

	Period
	FDD and TDD 1 to 5:
{40, 80, 160, 320} ms,
TDD 0: {70, 140, 280} ms,

TDD 6: {60, 120, 240} ms
	{32, 64, 128, 256, 512, 1024} frames
	40 ms

	offsetIndicator
(relative SFN 0)
	{0,1,..,period-1} with granularity of 1 subframes
	{0,1,..,(10*discoveryPeriod)-1} with granularity of 1 subframes
	{0,1,..,39} with granularity of 1 subframes

	subframeBitmap
	FDD: length is 40

TDD: {0, 42}, {1, 16}, {2, 8}, {3, 12}, {4, 8}, {5, 4}, {6, 30}
	FDD: length is 40

TDD: {0, 42}, {1, 16}, {2, 8}, {3, 12}, {4, 8}, {5, 4}, {6, 30}

Repeated bitmap
	NA


As we discussed in our companion contribution [2] an overlap between pools of the same type (SA & SA, Data & Data, Discovery & Discovery) may be handled by pool usage index or priority, which defines D2D TX behavior in such cases.

Overlap between pools of different types may also happen in practice (e.g. SA & Discovery, SA & Data, Data & Discovery, Types 1 & 2B discovery) by configuration. In this case, additional rules that depend on pool type need to be defined.
2.2 SA and Data

Two kinds of overlap between SA and Data pools can be identified:

· Overlap between associated SA and Data pools. In our view, overlap at the subframe level between linked SA and Data pools should be prohibited by specification. The SA transmissions should precede Data transmissions and not interfere with each other. The SA transmission should be more reliable, since it indicates multi-TTI data transmission over long period of time defined by T-RPT and resource pool configuration.
· Overlap between non-associated SA and Data pools. In general, the non-associated SA and Data pools may overlap at the subframe level. For instance, these pools may have different usage index or priority and may be orthogonal in frequency but overlap at the subframe level. In this case, if D2D TX operates in multiple pools it needs to decide whether to transmit Data or SA in order to preserve the SC-FDMA constraint and avoid power sharing between non-associated Data and SA transmissions. In order to handle this case, the following alternatives may be considered:
· Alt. 1. Prohibit overlap by specification;
· Alt. 2. Prioritize SA over Data;
· Alt. 3. Leave it up to UE implementation to decide on prioritized transmission;
· Alt. 4. Follow eNB/network configuration (e.g. pool usage index and/or priority rule) to decide on prioritization.
Proposal 1
· For associated SA and Data pools, the pool overlap at the subframe level (in time) is prohibited by specification.

· For non-associated SA and Data pools, D2D TX prioritizes SA over Data, if network/eNB signaling for pool usage/priority is not defined.
2.3 Data and Discovery

Configuration of both discovery and data communication resource pools may result in overlap between different pool types at periodical time instances. The overlap with discovery in general is not desirable, since multiple UEs are supposed to transmit discovery messages and thus Data performance is likely to suffer from the strong co-channel interference or in-band emissions.

The following alternatives can be considered to handle Data and Discovery overlap issue:

· Alt. 1. Prohibit overlap by specification. This option depending on configuration may significantly reduce amount of available D2D data resources because of RRC signaling constraints.

· Alt. 2. Prioritize Data over Discovery.
· Alt. 3. Prioritize Discovery over Data.

· Alt. 4. Leave it up to UE implementation to decide on prioritized transmission. In our view such behavior is not desirable and may eventually degrade system level performance of both discovery and communication.
·  Alt. 5. Follow eNodeB/network configuration (e.g. pool usage index and/or priority rule) to decide on prioritization between Data and Discovery.
In our view, the most flexible approach is to let network decide on prioritization based on the services which are of higher importance to network.

Proposal 2
· Follow eNodeB/network configuration (e.g. pool usage index and/or priority rule) to decide on prioritization rule between Data and Discovery.

2.4 SA and Discovery

The similar alternatives (as for Data and Discovery described in Section 2.3) can be considered to handle overlap between SA and Discovery pools. For the same reasons we believe that decision on prioritization may be configured by the network.
2.5 Mode-1 and Mode-2 Data
If UE (D2D TX) is supposed to operate in two different modes Mode-1 and Mode-2 at the subframe level, then prioritization between Mode-1 and Mode-2 transmissions also needs to be discussed. In our view, if such case is supported the D2D TX should always prioritize Mode-1 transmission. However, in exceptional case when Mode-1 and Mode-2 resources fully overlap in time and frequency it may be left up to UE implementation to skip Mode-1 transmission on Mode-2 resources.

Proposal 3
· If UE operation in two modes at a time is supported, an UE prioritizes Mode-1 transmission over Mode-2 transmission.
2.6 Type 1 and Type 2B Discovery

Considering that one of the primary motivation for Type 2B discovery is to avoid resource collisions, Type 1 and Type 2B discovery TX pools should not overlap in time and frequency. However, they may be multiplexed via FDM at the system level. In case of time-domain collisions from a single UE’s perspective between the allocated Type 2B discovery resource and the randomly selected Type 1 discovery resource, the UE should prioritize transmission on Type 2B discovery resource and drop Type 1 discovery transmission on that subframe.
Proposal 4
· Type 1 and Type 2B discovery TX pools should not overlap in time and frequency.
· In case of time-domain collisions from a single UE’s perspective between the allocated Type 2B discovery resource and the randomly selected Type 1 discovery resource, the UE should prioritize transmission on Type 2B discovery resource and drop Type 1 discovery transmission on that subframe.
3 On Pool Prioritization Rules
There are two options for definition of pool prioritization rules. Pool prioritization may be considered from system level perspective and thus may be interpreted as redefinition of one pool by excluding subframes overlapping with a pool of another type. Alternatively, prioritization rules may be defined from a single UE perspective.
For pools overlapped in time and orthogonal in frequency, the collision may happen only from single UE TX perspective. Therefore there is no need to redefine pool. Instead, the UE TX behavior may need to be defined.
For pools overlapped in time and frequency, the collisions may happen from both system level and single TX perspectives. In this case, it may be argued that pools need to be redefined in order to exclude cross-pool co-channel interference. The pool redefinition can be easily done for pools in a serving cell, however from the inter-cell communication perspective it may not be feasible to configure RX pools taking into account pool redefinition based on system level prioritization applied in neighboring cells. Therefore, only prioritization from the single UE perspective needs to be considered.
4 Conclusions

In this contribution, we provided our views on the potential ways to define UE behavior in case of overlapped D2D resource pools of different types. Based on the discussion presented in this document we have following proposals:
Proposal 1
· For associated SA and Data pools, the pool overlap at the subframe level (in time) is prohibited by specification.

· For non-associated SA and Data pools, D2D TX prioritizes SA over Data, if network/eNB signaling for pool usage/priority is not defined.
Proposal 2
· Follow eNodeB/network configuration (e.g. pool usage index and/or priority rule) to decide on prioritization rule between Data and Discovery.

Proposal 3
· If UE operation in two modes at a time is supported, an UE prioritizes Mode-1 transmission over Mode-2 transmission.

Proposal 4
· Type 1 and Type 2B discovery TX pools should not overlap in time and frequency.
· In case of time-domain collisions from a single UE’s perspective between the allocated Type 2B discovery resource and the randomly selected Type 1 discovery resource, the UE should prioritize transmission on Type 2B discovery resource and drop Type 1 discovery transmission on that subframe.
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