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1 Introduction

RAN2 has discussed several issues related to deployment of ProSe, but so far no discussion has focused on aspects related to multi-carrier operation. In this paper we present four multi-carrier deployment scenarios together with signalling to support these scenarios.
2 Discussion

2.1 Network Deployment and Coverage Situations
Figure 1 depicts a scenario where an NSPS operator and a commercial operator cooperate to provide NSPS services. Both, the NSPS operator as well as the commercial operator have their own spectrum and deploy their own base stations. However, NSPS UEs are allowed to camp on the commercial operator’s cells in areas where the NSPS operator does not offer LTE coverage. This could be realized by EHPLMNs configured to the UE or by secondary PLMN IDs broadcast by the commercial operator’s cells. The details are out of the scope of this contribution. Note that very similar cases occur even in commercial roaming scenarios (just think as the NSPS operator as the HPLMN and the commercial operator as VPLMN).
As discussed in previous meetings, it is desirable to concentrate ProSe device to device communication onto one particular carrier. Otherwise, UEs would be required to attempt to receive ProSe communication on multiple carriers simultaneously. In this deployment scenario we assume that NSPS related ProSe transmissions happen only on the UL carrier of the NSPS operator. 
The positions A, B, C and D reflect possible coverage situations, which primarily differ in terms of which operator’s network provides coverage – if any. In the remainder of this contribution we discuss how UEs in each of these four coverage situations connect to an LTE cell, whether that cell needs to know about the UE’s intention to transmit or receive ProSe Direct Communication, whether the cell needs to take any particular action in order to support ProSe Direct Communication, which cell controls the ProSe Direct Communication, and how all this relates to UE capabilities. 
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Figure 1: Coverage Scenarios in a deployment with two carriers
2.2 Out-of-Coverage ProSe Direct Communication (D)
A UE that is neither in coverage of a cell of the NSPS operator nor in coverage of a cell of the commercial operator can certainly be considered out-of-coverage. As already agreed during RAN2#86, an NSPS UE in this state may perform ProSe Direct Communication as configured in its UICC or as obtained from PD2DSCH. In this deployment, the UE would tune one of its receiver chains to the UL carrier of the NSPS operator’s spectrum and transmit and receive ProSe Direct Communication.
Even though not yet specified in detail, we assume that a resource pool is a recurring set of radio resources with a time- and a frequency dimension. However, in addition to this information a UE needs to have a timing- or sync-reference. Without such a reference, it is likely that resource pools of different UEs are not overlapping and that they don’t receive each other’s transmissions. While in coverage of a cell (in particular if the cell is on the ProSe carrier; see section 2.3), UEs may obtain sync information from the cell. However, for UEs out of coverage we need to account for the case that there is no eNB-based sync source. It should be noted that RAN1 works on the details of obtaining and maintaining sync when out of coverage.
Proposal 1 The RX pool configured in UICC is a radio resource with time- and frequency dimension that recurs periodically at defined points in time.

2.3 Intra-Frequency ProSe Operation (A)

When a UE is in the coverage area of a cell of an NSPS operator we consider it to be in “coverage situation A” (Figure 1) and we denote this as Intra-Frequency ProSe Operation. It should be noted that ProSe operates on the UL carrier frequency while the cell operates on the DL carrier frequency. 
As agreed during RAN2#86, “while being in the coverage area of an E-UTRA cell, the UE may perform ProSe Direct Communication Transmission on the UL carrier of that cell only on the resources assigned by that cell (even if resources of that carrier have been pre-configured e.g. in UICC)”. Hence, for ProSe communication, the UE needs to acquire the cell’s SIB in order to determine whether the cell supports ProSe communication (which should be the case for cells deployed by the NSPS operator itself). If the SIB provides a mode-2 transmission resource pool, the UE may use it – otherwise, it needs to perform an RRC Connection Establishment in order to obtain a mode-2 transmission resource pool via dedicated signalling or to operate in mode-1. In any case, the serving cell on the ProSe carrier provides timing information for the UE’s ProSe operation. Similar procedures are followed for discovery, too.
For the case that the NSPS operator has several carriers deployed, the UE needs to know which carrier is used for ProSe. This is very similar to the scenario with MBMS. In addition to the currently discussed “ProSe SIB” which carries information on how to use ProSe and is only transmitted on the ProSe carrier, an additional SIB should be added which tells on which carrier the ProSe SIB can be found. This new SIB would only be transmitted on the non-ProSe carriers.

Proposal 2 A new SIB is added which contains information about which carrier is used for ProSe.

2.4 Inter-Frequency ProSe Operation (B & C)
In the scenarios outlined above, the UE was either not in LTE coverage at all (section 2.2) or it was camped on or connected to a cell on the carrier that is also used for ProSe (section 2.3). In this section we look at the case where the UE has a serving cell on one carrier but performs ProSe Communication on another carrier.
As shown in Figure 1 as case B and C, the UE may or may not be in coverage of a cell on the ProSe carrier. 
For both cases, RAN2 has not discussed or explicitly agreed whether the serving cell on one carrier may control the ProSe Direct Communication on another carrier. We think that there are scenarios where this possibility would certainly desirable. For example, an operator may have multiple carriers but wants to concentrate all ProSe communication to a single carrier. For load balancing reasons it is then desirable that a UE camps/connects on a carrier other than its ProSe carrier. The cell to which the UE is connected could perform mode-1 scheduling towards the ProSe carrier or provide a mode-2 resource pool applicable for the ProSe carrier by means of dedicated signalling. Such mode of operation appears particularly feasible if an eNB operates cells for multiple carriers. In this case, the eNB is anyway in control of all radio resources and may also control the ProSe operation across carriers by means of dedicated signalling. 
In another use case, ProSe operation of NSPS UEs may be concentrated to a carrier of an NSPS operator. In areas where the NSPS operator does not offer coverage, the NSPS UEs are allowed to connect to cells of a commercial operator while still performing ProSe on the NSPS operator’s spectrum (case C). In such a deployment it may be less likely that the eNBs of the commercial operator control the ProSe operation on the NSPS operator’s spectrum.
A remaining question is whether the inter-frequency ProSe control should support IDLE and/or connected mode, i.e., SIB and/or dedicated signalling. The main use case of inter-frequency ProSe control seems to be the scenario where multiple carriers provide coverage (case B in Figure 1). The cell on the ProSe carrier will anyway provide the ProSe SIB with all applicable information. As for MBMS it is no necessary to provide the same SIB on other carriers. Consequently, UEs that are in coverage of a cell on the ProSe carrier shall obtain the ProSe SIB on that carrier. 
Proposal 3 If the UE detects a cell on the ProSe carrier, it shall read the ProSe SIB from that cell. 

Proposal 4 If the SIB indicates the required ProSe configuration (e.g. RX and/or TX resource pools), the UE may apply that configuration and perform ProSe operation on that carrier. 
Proposal 5 If the SIB indicates that dedicated ProSe configuration shall be applied, the UE shall establish an RRC connection with its serving cell. The serving eNB may either provide the UE with the required ProSe configuration or it may configure an inter-frequency RRM measurement on the ProSe carrier and based on the measurement report trigger inter-frequency mobility to that ProSe carrier.
If the UE not in coverage of a cell on the ProSe carrier and IDLE on its serving carrier, it will not find ProSe information in SIB. In this case, the UE may perform ProSe operation in accordance with its UICC pre-configuration. When the UE is RRC_CONNECTED on its serving cell, the eNB may provide a ProSe configuration by dedicated signalling. If it does, that configuration takes precedence over the UICC pre-configuration. Otherwise, the UE performs ProSe operation according to its UICC pre-configuration. 

Proposal 6 If the UE is not in coverage of a cell on the ProSe carrier, it performs ProSe operation in accordance with its UICC pre-configuration unless the serving eNB provides a ProSe configuration by dedicated signalling.
2.5 Capability Signalling and Configuration

In this sub-section we discuss whether the eNB needs to set aside a part of the UE’s radio access capabilities for ProSe reception. RAN1 agreed that a Rel-12 UE capable of ProSe Direct Communication can be assumed to have at least two receiver chains. However, the question is whether the second receiver chain is exclusively dedicated to ProSe reception or whether it can also be used for another DL carrier whenever the UE is not interested in receiving ProSe communication. The former is certainly simpler: In its UE capabilities the UE would not advertise any band combinations which assume that the “ProSe receiver chain” is available for operating a DL SCell. A drawback of this approach is of course that the receiver chain remains unused whenever the UE is not engaged in ProSe Direct Communication. 

If RAN2 thinks that it should be possible to use the “second” receiver chain for DL carrier aggregation whenever the UE is not interested in ProSe Direct Communication, the UE capabilities should offer corresponding band combinations. Based on whether or not the UE indicates interest in performing ProSe direct communication (on a certain band), the eNB could determine which serving cells it may configure so that the UE remains able to receive ProSe Direct Communication. We think that such a scheme could be similar to the MBMSInterestIndication and the associated procedure in particular if the existing UE capabilities (supportedBandCombination IE) could be re-used. However, given the very limited time available in Rel-12, we think that such a scheme should, if at all, be considered as a possible enhancement in a later release.

Proposal 7 The UE has a receiver chain dedicated to ProSe Direct Communication which is not reflected in the UE capabilities. Hence it is not possible to use the “second” receiver chain for DL carrier aggregation whenever the UE is not interested in ProSe Direct Communication.
2.6 Coverage Detection on ProSe carrier

UEs that are not in the coverage of a cell on the ProSe carrier (case C and D in Figure 1) need to scan for E-UTRAN coverage on the DL carrier associated with the UL carrier used for ProSe Direct Communication. To avoid that UEs perform ProSe transmission and reception in accordance with the UICC pre-configuration while in coverage of a cell, the requirements for cell detection on the ProSe carrier may need to be tighter than existing cell reselection requirements (e.g. if the ProSe carrier has a lower cell selection priority than the serving carrier). 

Proposal 8 A UE that is camped (due to cell reselection priorities) or connected on one carrier but interested in ProSe operation on another carrier shall attempt to find cells on the ProSe carrier. 

Proposal 9 Ask RAN4 to discuss whether cell detection requirements need to be defined for this case.

A related question is whether the UE needs measurement gaps to perform these measurements. Since RAN1 already agreed that NSPS UE will be equipped with an additional receiver chain for ProSe it would be preferable that the UE uses that chain for measurements on the ProSe carrier. If the receiver chain is anyway not advertised in UE capabilities (see Proposal 7) we think that UEs are able to perform these measurements without gaps.

Proposal 10 Measurement gaps are not needed for cell detection on the ProSe carrier since the UE can use its dedicated ProSe receiver chain to perform measurements.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
The RX pool configured in UICC is a radio resource with time- and frequency dimension that recurs periodically at defined points in time.
Proposal 2
A new SIB is added which contains information about which carrier is used for ProSe.
Proposal 3
If the UE detects a cell on the ProSe carrier, it shall read the ProSe SIB from that cell.
Proposal 4
If the SIB indicates the required ProSe configuration (e.g. RX and/or TX resource pools), the UE may apply that configuration and perform ProSe operation on that carrier.
Proposal 5
If the SIB indicates that dedicated ProSe configuration shall be applied, the UE shall establish an RRC connection with its serving cell. The serving eNB may either provide the UE with the required ProSe configuration or it may configure an inter-frequency RRM measurement on the ProSe carrier and based on the measurement report trigger inter-frequency mobility to that ProSe carrier.
Proposal 6
If the UE is not in coverage of a cell on the ProSe carrier, it performs ProSe operation in accordance with its UICC pre-configuration unless the serving eNB provides a ProSe configuration by dedicated signalling.
Proposal 7
The UE has a receiver chain dedicated to ProSe Direct Communication which is not reflected in the UE capabilities. Hence it is not possible to use the “second” receiver chain for DL carrier aggregation whenever the UE is not interested in ProSe Direct Communication.
Proposal 8
A UE that is camped (due to cell reselection priorities) or connected on one carrier but interested in ProSe operation on another carrier shall attempt to find cells on the ProSe carrier.
Proposal 9
Ask RAN4 to discuss whether cell detection requirements need to be defined for this case.
Proposal 10
Measurement gaps are not needed for cell detection on the ProSe carrier since the UE can use its dedicated ProSe receiver chain to perform measurements.
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