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1 Introduction
This paper focuses on D2D operation in multi-carrier scenarios, addressing the following cases:
· General UE behaviour description
· FDD D2D Operation
· Inter-Carrier D2D Operation (Different PLMNs)
· Power Control aspects relative to CA operation of D2D
2 D2D Multi-Carrier UE Behaviour and Capabilities

RAN4 has provided an initial answer to RAN1’s LS on multicarrier capabilities, confirming the feasibility of the following:
· Simultaneous reception on associated UL and DL spectrum of a FDD band is possible.
· Switching reception between associated UL and DL spectrum of a FDD band is possible.
The above assumption implies that means for supporting multicarrier D2D can be standardized, where the UEs may provided with a number of front ends that is smaller than the number of carriers that the UE operates on. 
First, we propose to limit the scope of the changes and we propose to avoid affecting legacy UE measurements because of new potential smart front end switching procedures for D2D.

Proposals:

· Changes introduced in Rel-12 for D2D support affect only D2D-capable UEs 
· No change in the legacy UE measurement procedure for mobility (including inter-frequency measurements) is introduced in Rel-12 because of D2D.
We believe that UEs should keep behaving in a deterministic way on bands configured by an eNB (for cellular and/or D2D use). In other words, UEs need to obey the eNB regarding cellular and D2D configurations, without exceptions.

For bands not explicitly configured by an eNB (e.g., for inter-PLMN D2D) the UE behaviour could be defined in a looser way, e.g., by RAN4 requirements. For example, UEs are required to be able to detect and operate D2D at least on a certain minimum number of bands, but the actual D2D performance for inter-PLMN D2D may be a function of the capabilities required on the other bands.
Proposals:

· The cellular/D2D UE performance on carriers configured by the camping/serving cell eNB is deterministic.
· The D2D performance of UEs on bands not configured by the camping/serving cell eNB may not be guaranteed in all cases.
The above proposals lead to several consequences:

1. The serving eNB needs to be aware of CA/MIMO/D2D capabilities and configure UEs accordingly. This aspect is taken care of by RAN2 and it is not addressed further here.

2. A mechanism such as D2D gaps is needed for discovery at least on FDD carriers (Section 3).

3. Inter-PLMN D2D is handled mainly by UE implementation, but some optimization may be considered for improved robustness (Section 4).
3 FDD D2D Operation 

In this section we address D2D between different bands operated by the same eNB. The proposed solutions are quite general, however we assume that in Rel-12 Operators will not configure inter-band D2D and therefore we limit to the FDD scenario where a single receiver may be shared between D2D and cellular.

Proposal:

· At least in Rel-12, each Operator is expected to configure D2D on at most a single carrier for all UEs.
Since Rel-8, UEs are required to read DL signals and monitor PDCCH except for during measurement gaps and when in DRX. This is clearly incompatible with receivers with a single carrier which are not able to read D2D signals at least while in RRC connected mode. 

One solution for coping with TDM constraints is to define D2D gaps, where a UE is released from the requirement to monitor a certain DL carrier (or all DL carriers) during the duration of the D2D gap. Even though the position of gaps should be freely configurable by the eNB it makes sense to align gaps with D2D resources and signals. 
Proposal:

· Specify D2D gaps where a UE is released from the requirement to monitor a certain DL carrier during the duration of the D2D gap
· The gaps may be implicitly obtained from the pools configuration, without additional signalling

· In case of occasional collisions between D2D gaps and legacy measurement gaps, the measurement gaps are prioritized.

· The UE is not allowed to skip detection of DL signals unless it is in DRX or during gaps
RAN4 has clarified that switching a transceiver between bands may take up to 1 subframe. It is however unclear whether UL and D2D transmissions can be switched instantaneously at the boundary of cellular and D2D subframes. Depending on the findings in RAN4, we foresee that D2D gaps may assume some of the designs in Figure 1.
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Figure 1: Examples of D2D gaps configuration for FDD support.
Proposals:

· The time available for D2D tx/rx is a subset of the D2D gap duration
· Send a LS to RAN4 asking whether UL transmission can be performed during the D2D gap.

4 Inter-carrier D2D Operation (Different-PLMNs)

In this section we focus on D2D across carriers that are not operated by the same PLMN and are typically uncoordinated.
First, we assume that a D2D-enabled UE may use procedures similar to initial cell search to scan for PLMN and carriers supporting D2D (TS36.304, section 5 – Support for PLMN selection). Once a new carrier is identified, D2D-related information is read by SIB on that carrier and D2D resources on the cells of that carrier can be monitored according to the procedures described in [2].
Proposal:
· D2D resources on non-serving/camping cell carriers are obtained by reading SIB using procedures similar to initial cell search
4.1 Considerations on Inter-PLMN D2D Efficiency 

Inter-PLMN D2D is potentially inefficient due to the lack of radio resources coordination between PLMNs. Consider, e.g., an asynchronous deployment where a UE with a TDM single receiver multiplexed across carriers monitors 3 D2D PLMN carriers (a conservative assumption). Each PLMN has an asynchronous deployment and on average each cell has 6 asynchronous neighbour cells (sectors) in direct proximity. Assuming that D2D discovery resources are approximately 1% on each carrier/cell, the probability that D2D resources on the home carrier are time aligned to D2D resources on another D2D carrier is 1-0.99^21=19%. 
Observation:

· Inter-PLMN D2D may be inefficient due to UE hardware constraints in combination with uncoordinated radio resources across PLMNs.
Some simple considerations may improve inter-PLMN D2D discovery performance. E.g., it is useful to avoid consistent collisions between D2D resources across carriers, which would systematically prevent inter-PLMN discovery for cells with colliding resources. This can be obtained by periodically time-shifting the D2D pools on different cells of different carriers. The periodic shifts may be a function of the PLMN ID (or, the carrier frequency, e.g. EARFCN) and Cell IDs and do not need to be explicitly signalled. 
Proposal:

· The discoveryOffsetIndicator parameter provides an initialization to a configurable time-shift function of the pools
· D2D resource pools are periodically time-shifted on each carrier frequency and PLMN and possibly also on each cell.
5 Power Control and UE Behavior for D2D CA, Including the Roaming Scenario for PS
In this section we assume that a UE is configured to perform D2D transmission on a given carrier while cellular UL is performed on a different set of carriers which may potentially even include the D2D carrier. This scenario includes also the roaming case for PS where a UE performs D2D on the PS carrier and cellular on a roaming PLMN (note that the roaming eNB may be not ProSe-aware [3]). The UE may exceed its available power while transmitting a certain (D2D or cellular) subframe because of the different TA and possibly even different synchronization for the cellular and D2D carriers (Figure 2).
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Figure 2: Because of the roaming scenario for PS and the different TA on different carriers D2D and UL transmissions on different carriers may be arbitrarily misaligned in time. This results in dynamically changing power consumption, including power fluctuations within subframes.
In order to cope with the above issue we first propose the following principle:
Proposal:

· The transmit power of cellular signals is unaffected by the potential transmission of D2D signals on any other carriers.
· D2D signals are power controlled taking into consideration the available transmit power left from cellular UL.
If a UE is expected to perform UL transmission on a subframe that is at least partly overlapping with a D2D transmission, D2D power is scaled such that P_d2d_scaled = min{P_d2d; Pmax-P_cell}. One direct consequence of the above proposals is that the power available for D2D signals may vary within the D2D subframe, which is an undesirable condition at least from demodulation, inter-carrier interference (including D2D to cellular interference) and AGC settling perspectives. Discussions in the context of UL MIMO and RAN4 requirements led to the conclusion that UEs are not able to provide phase coherency in case of power variations. Thus, especially higher order modulations are in practice useless if the signal scaling varies within a subframe. We prefer thus that the D2D signal scaling does not vary within D2D subframes and we are open to different solutions to achieve such property.
Observation:

· If the scaling of the D2D signal varies within a D2D subframe performance is degraded for both D2D and cellular reception 

· Inter-carrier interference (including D2D to cellular interference) is generated due to loss of orthogonality
· UEs are unable to provide phase coherence in case of tx power change

Proposal:

· D2D signals may change their nominal power level only across subframes but not within a subframe
· With the exception of D2DSS which spans only a few symbols 

· The detailed solution can be left to UE implementation

6 Conclusions

This paper provides an overview of inter-carrier aspects of D2D. The following is proposed and observed:
Proposals:

· Changes introduced in Rel-12 for D2D support affect only D2D-capable UEs 
· No change in the legacy UE measurement procedure for mobility (including inter-frequency measurements) is introduced in Rel-12 because of D2D.

· The cellular/D2D UE performance on carriers configured by the camping/serving cell eNB is deterministic.
· The D2D performance of UEs on bands not configured by the camping/serving cell eNB may not be guaranteed in all cases.
· At least in Rel-12, each Operator is expected to configure D2D on at most a single carrier for all UEs.
· Specify D2D gaps where a UE is released from the requirement to monitor a certain DL carrier during the duration of the D2D gap
· The gaps may be implicitly obtained from the pools configuration, without additional signalling

· In case of occasional collisions between D2D gaps and legacy measurement gaps, the measurement gaps are prioritized.

· The UE is not allowed to skip detection of DL signals unless it is in DRX or during gaps
· The time available for D2D tx/rx is a subset of the D2D gap duration

· Send a LS to RAN4 asking whether UL transmission can be performed during the D2D gap.

· D2D resources on non-serving/camping cell carriers are obtained by reading SIB using procedures similar to initial cell search

Observation:

· Inter-PLMN D2D may be inefficient due to UE hardware constraints in combination with uncoordinated radio resources across PLMNs.
Proposal:

· The discoveryOffsetIndicator parameter provides an initialization to a configurable time-shift function of the pools
· D2D resource pools are periodically time-shifted on each carrier frequency and PLMN and possibly also on each cell.
· The transmit power of cellular signals is unaffected by the potential transmission of D2D signals on any other carriers.
· D2D signals are power controlled taking into consideration the available transmit power left from cellular UL.
Observation:

· If the scaling of the D2D signal varies within a D2D subframe performance is degraded for both D2D and cellular reception 

· Inter-carrier interference (including D2D to cellular interference) is generated due to loss of orthogonality

· UEs are unable to provide phase coherence in case of tx power change
Proposal:

· D2D signals may change their nominal power level only across subframes but not within a subframe

· With the exception of D2DSS which spans only a few symbols 

· The detailed solution can be left to UE implementation
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