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1. Introduction
At RAN#63, the new work item on Device to Device Proximity service was approved [1] and the way-forward for release 12 finalization was endorsed as follows [2]; 
	· D2D (RAN1-led)

· Start work item on broadcast communication (PS) and in-coverage discovery

· No relaying

· Inter-cell D2D supported, but with no standardized inter-cell coordination based on X2 or air interface (ie., no RAN1 discussion on inter-cell coordination)
· Limited time to be spent on inter-frequency discovery

· No out of network discovery in R12 (could be considered after WI closure) 


As for discovery, the scope of standardization is confirmed as on intra-/inter-frequency in coverage. However, RAN2 has not yet discussed how to handle the inter-frequency discovery so far. 
In this contribution we would provide analysis possible solutions to realize inter-frequency discovery, taking into account of the time limitation of Rel-12 finalization. 
2. Deployment scenario for inter-frequency discovery 
Possible deployment scenario for inter-frequency discovery is illustrated in Fig. 1, where UE 1 is camped on/connected to Cell 1 operating on f1 and UE 2 is camped on/connected to Cell 2 operating on f2. The eNBs operating Cell 1 or Cell 2 may/may not operates SCell on f2 or f1. 
The scenario can be categorized into three cases depending on whether intra-eNB/homogeneous network (HomoNet), inter-eNB/heterogeneous network (HetNet) and inter-eNB/HomoNet is deployed.  These cases are depicted in Fig. 1 (a), (b) and (c), respectively. Actual deployments may consist of a combination of the categorized cases. 

For the intra-eNB/HomoNet case depicted in Fig. 1 (a), it may include intra-eNB carrier aggregation (CA) deployment, i.e. the UEs are CA-capable but its PCells are configured with different frequencies, i.e. UE 1’s PCell is Cell1 on f1 and UE 2’s PCell is Cell 2 on f2. We see the simplest case is, for example, the SCell for UE 1 is configured with Cell 2 and eNB 1 allows D2D operations on Cell 2. In the case, UE 1 and UE 2 will be able to perform D2D over f2 without too much problem. 
For the inter-eNB/HetNet case, in Fig. 1 (b), D2D operation is a slightly more complex since the RRC connections of the UEs are established over different eNBs. If UE 2 is assumed as dual connectivity (DC)-capable UE and configured with f1 for RRC connection and with f2 for secondary resource, then UE 2 will be able to perform D2D with UE 1 over f1 since UE1 is only served on f1. 
The common point in the two cases above is that both UEs have possibilities to be provided a common coverage cell on a frequency. Therefore, one simple way to support inter-frequency discovery is to ensure that all D2D UEs are served under the same overlaid cell under the same frequency. 
Observation 1:
If D2D UEs are served under the same overlaid cell, inter-frequency discovery can be easily supported. 
For the inter-eNB/HomoNet case, as depicted in Fig. 1 (c), D2D operation will involve the most complicated network planning, since there isn’t an overlaid layer for both D2D UEs and standardized coordination over X2 is disallowed in Rel-12. 
Note that for synchronous deployment, Cell 1 and Cell 2 are assumed to be time synchronized. The issue with D2D synchronization under the asynchronous deployment is discussed separately [3] 

Proposal 1:
RAN2 should assume at least for Rel-12 that the UEs attempting inter-frequency discovery are provided with at least an overlaid cell operated on one frequency. 

[image: image1.emf]f2

f1

Cell 2 UE 2

Cell 1

UE 1

eNB 1


(a) Intra-eNB/HomoNet case
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(b) Inter-eNB/HetNet case
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(c) Inter-eNB/HomoNet case
Fig. 1
Possible deployment scenario for Inter-frequency discovery

Up to now, RAN2 has not discussed the case whereby only a subset of the deployed operating frequencies may support D2D discovery.  Although this may be considered as eNB implementation or operator’s preference, this does have an impact on inter-frequency, inter-cell discovery. For example, assuming the case with three operating frequencies, the support for D2D may be categorized into three plans as shown in Table 1. 

Table 1
Possible frequency planning
	Plan
	f1 (e.g. 800MHz)
	f2 (e.g. 2GHz)
	f3 (e.g. 3.5GHz)
	Note

	1
	D2D/WAN
	D2D/WAN
	D2D/WAN
	Assume D2D demands grow

	2
	D2D/WAN
	D2D/WAN
	WAN only
	

	3
	D2D/WAN
	WAN only
	WAN only
	Assume initial deployments


Plan 1 assumes all of operating frequencies allow D2D operation which may or may not include D2D discovery or D2D communication. Plan 2 assumes two of the three operating frequencies allow D2D operation. These two plans above will require some mechanism for inter-frequency discovery. 
With plan 3, only a single frequency supports D2D operation and it may be considered as just an intra-frequency scenario. However, in the plan 3 scenario, it is assumed that not all D2D UEs are initially served by the cell(s) on the same frequency; therefore, some mechanism(s) may be needed to ensure that all D2D UEs can operate D2D on the one frequency available for D2D. 
As the main purpose for inter-frequency discovery is to enable the UE to be served under a D2D allowable frequency, the assumption is that the UE’s current serving frequency may not be one of the D2D allowable frequencies.  In order to assist the UE in tuning to the proper frequency for monitoring/transmitting D2D discovery, it should be possible for the non-D2D serving cell to provide the list of neighbouring frequencies that do support D2D.  This is similar to the scenario for MBMS whereby both MBMS and non-MBMS cells indicate in SIB15 the MBMS SAIs of the current frequency and of each neighbour frequency [11].
Proposal 2:
D2D allowable frequencies should be provided by the SIB of the serving cell, regardless of whether the serving cell allows D2D operation. 
3. Transmission and reception scheme alternatives
Taking into account the possible deployment scenario, inter-frequency discovery may be accomplished with one or more of the three alternatives below; 
· ALT 1: UE 1 transmits discovery signal on f1, then UE 2 receives the signal on f1, i.e. inter-frequency discovery cell reception mechanism. In this alternative, UE 2 is assumed to have at least a receiver for each of the two frequencies. For more efficient operation, it may be assumed that the UE has dual receivers and/or Carrier Aggregation capabilities. 
· ALT 2: UE 1 transmits discovery signal on f2, e.g. inter-frequency discovery transmission mechanism, then UE 2 receives the signal on f2. In this alternative, UE 1 may be assumed to have at least a transmitter for both frequencies. For more efficient operation, it may be assumed that the UE has dual transmitters and/or Carrier Aggregation capabilities.
· ALT 3: UE 1 transmits discovery signal on f1, then UE 2 receives the signal on f1 after it is handed over to f1. In this alternative, the eNB operating Cell 2 is assumed to have another cell that can be operated on f1. 
ALT 1 is a straightforward scheme since Cell 1 allocates only resources within its own operating frequency to UE 1 for the transmission of discovery signal, while UE 2 will need to receive the discovery signal on a frequency different from the serving frequency. 
ALT 2 has the potential for more flexibility in network planning, assuming the multi-carrier D2D operation is supported, e.g. plan 1 in Table 1. While the benefit is expected for D2D communication, esp. the unicast case, for Rel-12 this alternative only results in unnecessary complexity, since the discovery and the 1:many D2D communication are assumed for the broadcast transmission/reception, i.e. the transmitted signal should be received by all D2D-enabled UEs within range. 
ALT 3 is actually a mechanism to try and reuse the intra-frequency D2D discovery as much as possible under the multi-frequency deployment scenario. Due to the reuse of existing intra-frequency D2D discovery mechanism, Alt 3 may result with the least impact to the UE, since D2D discovery is only performed on the common frequency which allows D2D operation, i.e. plan 3 in Table 1. 
Proposal 3:
RAN2 should preclude the scheme for the discovery signal to be transmitted on a frequency different from the serving frequency for Rel-12.
4. Details of the scheme alternatives
4.1. ALT 1 details
Reception of inter-frequency discovery signals

For the intra-frequency discovery, both intra-cell and inter-cell scenarios have been discussed in RAN2 and several agreements were reached during the study item phase. Some discussions have also started under the work item phase. As for inter-cell discovery, RAN2 reached the following agreement on D2D reception discovery resources [4]; 
	Agreements
0 The eNB may provide D2D reception discovery resources in SIB. These may cover resources used for D2D transmission in this cell as well as resources used in neighbour cells. (Details FFS)
[…]


In addition, RAN1 agreed with the following aspects [5]; 
	Agreements:
· Confirm that a radio resource pool(s) may be provided by eNB for D2D UEs in SIB for discovery reception for Type-2B (if supported)
· FFS whether the common reception pool(s) or different reception pools for type 1 and Type-2B discovery
· UE is not required to decode neighboring cell SIB
· Mechanisms for Type-2B discovery

· a resource hopping mechanism following the resource allocation by eNB can be applied

· FFS details of resource hopping mechanism 

· Others FFS


The agreements above intended that the SIB transmitted from the serving cell provides the information to UEs for reception of inter-cell discovery signals. Therefore, the UE can receive the signals without decoding any SIB transmitted from the neighbour cells. 
Observation 2:
With the reception pool(s) provided by the SIB from the UE’s serving cell, the UE may receive the discovery signal without decoding the neighbour cell’s SIB.  
The term “neighbour cell” typically includes a neighbour cell on the same frequency as well as on a different frequency. However, the discussions towards the above agreement for resource allocation in RAN2 have not clearly considered the inter-frequency discovery scenario. Therefore, the details should be discussed and defined. 
Assuming the agreements includes the neighbour cells on different frequencies, the SIB transmitted by the serving cell should include D2D discovery resources on the serving frequency and neighbour frequencies. With the available discovery resources provided over SIB, D2D UEs will be able to receive D2D discovery signals from UEs on a neighbouring inter-frequency cell. We assume it may be possible to add some extension parameters to the IE to be defined for inter-cell discovery and to re-use existing inter-frequency measurement mechanism, to support inter-frequency discovery using ALT 1.
Proposal 4: 
As the baseline, RAN2 should consider to re-use existing inter-frequency measurement mechanism for inter-frequency discovery, in case where ALT 1 is supported in Rel-12. 
Possible issues 
Measurement gap length and triggering 
According to the table 10.1-2 in the TR [6], the companies in RAN1 assumed 16-64 subframes per discovery period for performance evaluation in the study phase. For inter-frequency measurements, the existing measurement gap length is fixed at 6 subframes.  Without any further enhancement, the detection probability for discovery, i.e. the opportunity to discover D2D UEs would be degraded to at least 1/3. 
With respect to the timing of the configuration of measurement gaps, the relationship between RRM related measurements (i.e., RSRP/RSRQ) of the eNBs and the received discovery signal power from the other D2D UEs may not be directly correlated. In other words, a D2D UE may receive discovery signal from D2D UEs in a neighbour cell even though the D2D UE is nowhere close to the neighbour cell. Considering the inter-frequency discovery with ALT 1, there is no reason to deny the D2D UE from the continuous monitoring of D2D discovery, although the decision to assign gaps of discovery should be left for eNB implementation. If D2D UEs have no interest in receiving/transmitting D2D discovery, the D2D UEs should inform the serving eNB of the status of its D2D operation; i.e., whether D2D operation is disabled by the user. 
Observation 3:
In case to re-use the existing mechanism for inter-frequency measurement, the detection probability will be degraded. 
Observation 4:
While RRM related measurements of the eNBs and the received power of the discovery signal from the other D2D UEs may not be directly correlated, it should be the eNB’s responsibility to assign the UE with gaps to monitor inter-frequency discovery signal.
Based on Observation 3, it could be considered whether additional enhancements are need for inter-frequency discovery e.g., to define a new “discovery monitoring gap” with larger number of subframes than the existing measurement gap length. 

However, it will result in less opportunity for WAN UL/DL transmissions on the camped/served frequency, while the detection probability of discovery will improve. 
Observation 5:
If the gap is enhanced for inter-frequency discovery, UE will lose the opportunity for cellular operations, due to the larger number of inter-frequency monitoring and/or longer discovery subframes. 
Proposal 5:
RAN2 should take into account the trade-off between the detection probability of discovery and the opportunity of WAN UL/DL transmissions, in case ALT 1 is supported. 
To reduce the impact of the trade-off above, the simultaneous operation of inter-frequency measurement and inter-frequency discovery should be considered, for the case where the inter-frequency neighbouring cells for discovery are the same cells or a part of the cells for handover, i.e. for normal cellular operation, Since the inter-frequency measurement needs DL receiver and does not require UL transceiver, i.e. D2D receiver is free during the gap; therefore, the UE can receive discovery signal during the same gap. 
Observation 6:
Inter-frequency monitoring of discovery signals may be performed during existing measurement gap and performed together with inter-frequency measurement simultaneously. 
Proposal 6:
As the baseline, if ALT 1 is chosen, RAN2 should assume inter-frequency monitoring of discovery signals is performed together with existing inter-frequency measurement using the same measurement gap. 
UE capability
Thus far we have assumed that UEs with a single D2D transceiver would only have the capability to operate on one frequency at any given time, regardless of number of supported frequencies for WAN communication as indicated in the plans in Table 1. 
Note that the frequency means a carrier includes intra-band and inter-band. 
Observation 7:
The D2D transceiver should not be assumed to work on all frequencies supporting WAN communication. 
To facilitate more flexible use of D2D, CA-capable UEs may be considered for inter-frequency discovery. In this case, the CA-capable UEs can transmit/monitor discovery signals on PCell and SCells simultaneously. Therefore, the “discovery monitoring gap” will not be needed for such a UE as long as the D2D discovery frequency belongs to one of frequencies of the UE’s serving cells (i.e., PCell or SCell)
Observation 8:
For carrier aggregation capable UEs, inter-frequency discovery can be performed without assigning measurement gaps, as long as the D2D discovery frequency belongs to one of frequencies of the UE’s serving cells 
4.2. ALT 3 details
Handover procedure for D2D discovery
Alternative 3 is mainly applicable to plan 2 or 3 in Table 1, i.e., not all cellular frequencies support D2D. This alternative assumes handover is completed before discovery is initiated. In particular, if a D2D-enabled UE is served on a frequency that does not support D2D operation, the eNB should handover the UE to a target cell operating on a D2D allowable frequency.  
The idea is simple and the potential benefits are as follows; 

· If the SIB provided on the frequency not allowing D2D operation does not include any D2D-related information, e.g. discovery reception resources, then the UE camped/served on the frequency has no way to transmit/receive discovery signals on the different frequency. This is a likely scenario for stand-alone small cell deployment, e.g. the case (b) in Fig. 1, since currently there is no agreement whether the non D2D operating cell shall provide the D2D-related information in its SIB. 
· Even if D2D discovery resources is provided in a SIB for a cell not supporting D2D, the cell will not be able to allocate Type-2B discovery resource to the UE since the cell does not support any D2D operations. 
Observation 9:
If the frequency of the UE’s serving cell does not allow D2D operation, the UE may lose the opportunity to initiate D2D discovery. 
However, it also has some drawbacks listed below; 
· If multiple frequencies support D2D operation, ALT 3 should be combined with ALT 1 or ALT 2. 
· If all of D2D-capable UEs are served on limited frequencies which support D2D operation, it may result in congestion on the frequencies. 
Possible issues
Trigger to handover for discovery
In case all D2D-capable UEs are served on the same cell, e.g. the plan 3 in Table 1, the cell may suffer from congestion, e.g. less opportunity for load balancing in WAN communication brought by multiple frequency deployment. To avoid this issue, only D2D-enabled UEs, which are a part of D2D-capable UEs, should be considered to be handed over to the D2D allowed cell, and when the UE disables D2D then it should be up to eNB implementation to decide whether the D2D-disabled UE remains the cell or be handed over to the other cell, based on e.g. current load in the cell. 
Observation 10:
When the UE enables D2D functionality, the eNB may handover the UE to a cell which allows discovery 
According to the TR of SA1 [8], the discovery feature can be enabled/disabled by user as follows; 

	5.1.1.5
Potential Requirements
General

[PR.1] Based on operator policy and user choice, the proximity of two ProSe-enabled UEs shall be determinable; for example, using direct radio signals or via the operator network.

[…]

[PR.3] Operator policy and user choice can set the ProSe feature of:

[…]

-
a ProSe-enabled UE to disable the ability to be discoverable by other UEs and to disable the ability to discover other UEs;

[…]

[PR.97] Operator policy disabling or limiting individual ProSe features shall override any user choice.

[…]


Thus, whether the UE enables discovery functionality will depend on user preference. We assume D2D-capable UE will support a user interface to allow the user to enable/disable the discovery functionality. 
Observation 11:
Whether the UE enables discovery functionality will depends on user preference. 
In the case, eNB should have a capability to know whether the UE enables its discovery function or not. In our view, this use case is very similar with the concept of the existing MBMS interesting indication [9]. Therefore, we propose to introduce MBMS like solution to trigger inter-frequency handover, i.e. using “D2D interest indication”. 
Proposal 7:
The UE should have the capability to inform the eNB when the UE enables/disables its discovery functionality.
Discovery in IDLE mode
Although the method proposed in section 4.2.2.1 is useful for the UEs in RRC connected, the same is not true for UEs in idle. IDLE UEs would be required to transition to CONNECTED, send D2D interest indication, and get handovered to a D2D capable cell before D2D discovery is possible.  
In order to achieve similar efficiency for UEs to receive/transmit D2D discovery signals, IDLE UEs should be allowed to prioritize D2D frequency as part of the reselection procedure. Currently, the frequency priority for reselection is determined by the eNB; however, if IDLE UEs are interested in D2D, it should be possible for IDLE UEs to prioritize D2D frequency. This idea is similar to the current MBMS behaviour whereby IDLE UEs interested in MBMS are allowed to prioritize MBMS frequency for reselection. 
Proposal 8:
IDLE UEs with D2D enabled should be allowed to prioritize a D2D frequency for reselection.
If Proposals 2 and Proposal 8 are agreeable, an IDLE UE may prioritize D2D frequency based on the D2D information provided in the SIB of its serving cell. 
4.3. Comparison of the alternatives
As a summary, we provided a comparison of the alternatives as shown in Table 2. 
Table 2
Comparison of the alternatives for inter-frequency discovery
	
	Alternative 1
	Alternative 2
	Alternative 3

	Method
	D2D reception on different frequency from serving frequency
	D2D transmission on different frequency from serving frequency
	Handover/reselection before discovery

	Complexity/ 
Standard impact
	Medium
Based on gap assignment similar to RRM
	High
(not analyzed)
	Low
Based on MBMS-like mechanism.

	Flexibility
	Medium
	potentially high
	Low

	Drawback
	Trade-off between WAN DL/UL opportunity and discovery probability.
	(not analyzed)
	D2D operating frequency may be limited and increased network congestion is possible.

	Proposal
	Should be supported for Rel-12
	Should be excluded from Rel-12
	May be considered for Rel-12


Proposal 9:
RAN2 should consider if one or more of the above alternative(s) should be adopted in Rel-12 to support inter-frequency discovery. 
5. Conclusion 
In this paper, the need for inter-frequency D2D discovery is discussed. Three alternatives are provided as potential mechanisms to support inter-frequency D2D discovery. RAN2 is kindly asked to take the observations and proposals below into account in the normative work. 

Observation 1:
If D2D UEs are served under the same overlaid cell, inter-frequency discovery can be easily supported. 
Proposal 1:
RAN2 should assume at least for Rel-12 that the UEs attempting inter-frequency discovery are provided with at least an overlaid cell operated on one frequency. 

Proposal 2:
D2D allowable frequencies should be provided by the SIB of the serving cell, regardless of whether the serving cell allows D2D operation. 
Proposal 3:
RAN2 should preclude the scheme for the discovery signal to be transmitted on a frequency different from the serving frequency for Rel-12.
For ALT 1; 
Observation 2:
With the reception pool(s) provided by the SIB from the UE’s serving cell, the UE may receive the discovery signal without decoding the neighbour cell’s SIB.  
Proposal 4: 
As the baseline, RAN2 should consider to re-use existing inter-frequency measurement mechanism for inter-frequency discovery, in case where ALT 1 is supported in Rel-12. 
Observation 3:
In case to re-use the existing mechanism for inter-frequency measurement, the detection probability will be degraded. 
Observation 4:
While RRM related measurements of the eNBs and the received power of the discovery signal from the other D2D UEs may not be directly correlated, it should be the eNB’s responsibility to assign the UE with gaps to monitor inter-frequency discovery signal.
Observation 5:
If the gap is enhanced for inter-frequency discovery, UE will lose the opportunity for cellular operations, due to the larger number of inter-frequency monitoring and/or longer discovery subframes. 
Proposal 5:
RAN2 should take into account the trade-off between the detection probability of discovery and the opportunity of WAN UL/DL transmissions, in case ALT 1 is supported. 
Observation 6:
Inter-frequency monitoring of discovery signals may be performed during existing measurement gap and performed together with inter-frequency measurement simultaneously. 
Proposal 6:
As the baseline, if ALT 1 is chosen, RAN2 should assume inter-frequency monitoring of discovery signals is performed together with existing inter-frequency measurement using the same measurement gap. 
Observation 7:
The D2D transceiver should not be assumed to work on all frequencies supporting WAN communication. 
Observation 8:
For carrier aggregation capable UEs, inter-frequency discovery can be performed without assigning measurement gaps, as long as the D2D discovery frequency belongs to one of frequencies of the UE’s serving cells 
For ALT 3; 
Observation 9:
If the frequency of the UE’s serving cell does not allow D2D operation, the UE may lose the opportunity to initiate D2D discovery. 
Observation 10:
When the UE enables D2D functionality, the eNB may handover the UE to a cell which allows discovery 

Observation 11:
Whether the UE enables discovery functionality will depends on user preference. 
Proposal 7:
The UE should have the capability to inform the eNB when the UE enables/disables its discovery functionality.
Proposal 8:
IDLE UEs with D2D enabled should be allowed to prioritize a D2D frequency for reselection.
Proposal 9:
RAN2 should consider if one or more of the above alternative(s) should be adopted in Rel-12 to support inter-frequency discovery. 
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