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1   Introduction
In RAN2#87 we discussed the support of inter-frequency and inter-PLMN discovery for the first time. Several important agreements where reached, covering most scenarios:

	Agreements
1
RAN2 aims to support of Inter-Frequency and Inter-PLMN discovery for monitoring UEs will be introduced.

2
An eNB may provide in SIB a list of (intra-PLMN-inter-frequency and/or inter-PLMN-inter-frequency) carriers (possibly with the corresponding PLMN ID) on which the UE may aim to receive ProSe discovery signals. 


A cell does not provide detailed ProSe configuration (SIB18) for other carriers. If a UE wants to receive ProSe discovery signals on another carrier, it needs to read SIB18 (and other relevant SIB) from there. 

FFS whether (as a configuration) option an eNB may provide detailed ProSe Discovery information about other intra-PLMN carriers.

FFS whether the list of other ProSe carriers could alternatively be provided by higher layers for inter-PLMN carriers.

3
UEs transmit ProSe discovery signals only on their serving cell (if authorized by the NW). 

4
Intra- and inter-frequency (and inter-PLMN) ProSe reception does not affect Uu reception (e.g. UEs use DRX occasions in IDLE and CONNECTED to perform ProSe discovery reception or it uses a second RX chain if available). The UE shall not create autonomous gaps. 


If the UE has to obtain ProSe discovery (2a) configuration from the SIB of an inter-frequency cell, this does not affect the UE’s Uu reception on the serving cell(s).

5
An RRC CONNECTED UE interested (or no longer interested) in intra- or inter frequency ProSe discovery reception indicates this by sending a “ProSe indication” to the eNB (further restrictions to be discussed). 




However, in the e-mail discussion on the running CR for 36.331 [1] some additional issues, were put forward that RAN2 did not previously discuss. In this contribution we discuss two remaining topics for inter-frequency discovery, and propose how to address them.
2   Discussion 
The following issues need to be considers by RAN2:
2.1   Multiple D2D discovery frequencies per PLMN 
Issue A.2 of the e-mail discussion [1] raised the possibility of a UE monitoring more than one frequency per PLMN for discovery messages. This implies that discovery message transmission is configured on more than one frequency channel. Several companies questioned the need to support this scenario. 

Since monitoring on a different frequency channel implies that the UE must first tune to this channel, establish synchronization, and possibly decode the SIB. Obviously the process of tuning between different channels consumes UE energy. Furthermore, the discovery resources of one frequency may overlap with another in time, thereby decreasing the probability of discovery success. Also connected UEs are limited to monitoring other frequencies during DRX occasion, unless the UE has a dedicated receiver for D2D. The frequency of DRX occasions will limit the number of different carrier frequencies that a connected UE can monitor for discovery. In general, it appears beneficial to limit discovery to a minimum number of frequencies per PLMN. In most cases, we expect that a single D2D discovery frequency per PLMN should suffice.
Observation 1: It is beneficial to limit discovery to a minimum number of frequencies per PLMN. In most cases, we expect a single D2D discovery frequency per eNB should suffice.

Never the less, we can envision some scenarios which may require UEs to monitor more than one discovery frequency:
a) As has been discussed elsewhere, an idle UE that wants to engage in D2D discovery announcement may need to preferentially camp on a frequency where discovery is supported. In a multi-carrier deployment, if a single carrier supports discovery, the discovery resources of this carrier may become overloaded. In this case, it may be beneficial to support discovery announcements on more than one frequency, in order to achieve idle mode load balancing.

b) In some heterogeneous deployments, and in particular with HeNBs, small cells may be configured to operate on a different frequency channel than the overlaying macro network. As these cells will be neighbors to each other, a UE camping on one cell may need to monitor for discovery announcements on the neighbor’s D2D frequency channel.
Observation 2: Inter-frequency discovery monitoring may be useful for load balancing and HetNet deployments, even within one PLMN.

Proposal 1: RAN2 should not limit discovery monitoring to a single frequency for a given PLMN. It is left to network deployment to balance the number of frequencies supporting discovery at one location, vs. potential impact to discovery performance and UE battery life.
2.2   Discovery carrier selection

A UE that wants to engage in discovery, and is authorized for to do so, needs to operate on a carrier that supports discovery (as indicated by SIB18). If the UE is in the connected state, and served by a cell that does not support discovery, then the eNB can handoff this UE to another cell that supports discovery in response to a ProSe Indication from the UE. One issue is that the UE may not be able to distinguish between a legacy cell, and a release 12 cell that is not configured to support D2D discovery (no SIB18). For example, the UE may send a ProSe Indication to a legacy cell, resulting in an error condition. It is not clear what action the UE should take in this case. It is therefore useful for UE to first know if the cell has the ability to process the ProSe Indication. One approach would be to broadcast SIB18 even on cells that do not support D2D discovery. In this case SIB18 would indicate that the cell does not support discovery, but would still provide a list of neighbor frequencies that do support discovery. 

Proposal 2: A UE in connected state that wants to engage in D2D discovery, but is served by a cell that does not support discovery, can send a ProSe indication to the eNB. The eNB can handoff this UE to another cell that supports discovery in response to this ProSe Indication.

Proposal 3: To differentiate a cell that is simply not configured to support D2D discovery from a legacy cell, SIB18 may be broadcast with only a list of neighbor frequencies that do support discovery.
If the UE is in idle state, then the UE should try to reselect to a cell that supports discovery.  The UE can only validate that a cell supports discovery by reading SIB18. Thus an idle UE that wants to engage in D2D discovery should prioritize cells with PLMN equivalent to the registered PLMN, that also support D2D discovery.
Proposal 4: An idle UE that wants to engage in D2D discovery shall prioritize cells with a PLMN equivalent to its registered PLMN, that also support D2D discovery as indicated by SIB18.
Conclusion 
In this contribution we discuss two remaining topics for inter-frequency discovery, and propose how to address them. We have the following observations and proposals:

Observation 1: It is beneficial to limit discovery to a minimum number of frequencies per PLMN. In most cases, we expect a single D2D discovery frequency per eNB should suffice.

Observation 2: Inter-frequency discovery monitoring may be useful for load balancing and HetNet deployments, even within one PLMN.

Proposal 1: RAN2 should not limit discovery monitoring to a single frequency for a given PLMN. It is left to network deployment to balance the number of frequencies supporting discovery at one location, vs. potential impact to discovery performance and UE battery life.

Proposal 2: A UE in connected state that wants to engage in D2D discovery, but is served by a cell that does not support discovery, can send a ProSe indication to the eNB. The eNB can handoff this UE to another cell that supports discovery in response to this ProSe Indication.

Proposal 3: To differentiate a cell that is simply not configured to support D2D discovery from a legacy cell, SIB18 may be broadcast with only a list of neighbor frequencies that do support discovery.

Proposal 4: An idle UE that wants to engage in D2D discovery shall prioritize cells with a PLMN equivalent to its registered PLMN, that also support D2D discovery as indicated by SIB18.
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